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Descripiun

Bacxground of the Invention

A IL

Interteukins-t arg 3 class ot proteins produced by num rous call-types. including monocytes and somé
macrophages. This class includes at least two 17-18 kilodalton proteins known as intarleukin-1 aipha ang
interleukin-1 beta. These proteins have impontant physiological effects on a number of different target cells
involved in the inflammatory and immune responses. The proteins are co-mitogens (with phytochemaglutinin)
for T-cells. cause both fibrobiasts and chondrocytes to secrete latent collagenase, and incraase the surface
aghesive powers of endothelial cells for neutropnils. In aadition., they act on the hypothalamus as pyrogens.
they stimulate the catabolism of muscle protein, and they cause hepatocytes to synthesize a class of
proteins known as "acute phase reactants.” Thus. interleukins-1 (IL-1) are obwiously an imponant pant of an
organism’s response to intection and injury.

B. Pathological Roles of IL-1

However, despite ther normally beneficial effects, circumstances have come to light in which the
actions of iL-1 are harmful. For exampte, IL-1 may increasa the level of collagenase in an arthritic joint ang
has been implicated as a mediator of both the acute and chronic stages of immunopathology in rheumatoid -
anthritis. IL-1 may be responsible for aitering endothelial cell function, directing the chemotaxis and
migration of leukocytes and lymphocytes into the synovial tissue, inducing capillary proliferation, and
stimulating macrophage accumuiation in the synovial lining during the acute phase of this disease. In the
phase of tissue destruction, IL-1 has been implicated as a mediator in induction of tisSsue damage through
stimulating release of enzymes from fibroblasts ana chondrocytes. .

In addition, excessive IL-1 production has been demonstrated in the skin of patients with psoriasis and
high leveis of IL-1 can be found in the synowial fluid of patients with psoriatic arthritis. IL-1 released by cells
in the inflamed synovium in psoriatic arthritis may mediate tissue destruction through stimuiation of enzym
release from other cells. The joint pathology of Reiter's syndrome is similar to that seen in psoriatic arthritis
and in rheumatoid arthritis. IL-1 has been implicated as a mediator of tissue destruction in these thrae
different torms of inflammatory arthritis. Moreover, IL-1 may be found in the synovial fluid of patients with
osteoarthritis. The release of IL-1 by chondrocytes has been implicated in the destruction of articular
cartilage in this disease.

IL-1 may also increase the severity of autoimmune diseases. For example, decreased IL-1 production
has been described from peripheral blood calls in persons suffering from systemic lupus erythematosus.
Moreover, some of the alterations in B lymphocyte function may be related to abnormalities in IL-1
production or IL-1 availability.

Excessive IL-1 production has been demonstated in the peripheral monocytes of patients with
scleroderma. and IL-1 has been implicated as a possible agent of fibrosis through stimulation of collagen
production by fibroblasts. The mechanism of tissue damage in dermatomyositis might also involve cell-
mediated immunity and IL-1 may therefore be involved as a mediator in this pathophysiological process.

Acute ang chronic interstitial lung disease is characisrized by excessive collagen production by lung
fibroblasts which may be stmulated by IL-1. Recent studies on animal model of putmonary hypertension
indicate that IL-1 may be responsible for induction of endothelial ceil changes that result in narrowing of
puimonary arteries. It is this nasrowing that leads to pulmonary hypertension and turther secondary damage.
Thus. IL-1 inhibitors could be useful in reating these lung diseases.

Recent studies have described that IL-1 is capable ot directly damaging the beta cells in the Isiets of
Langerhans that are responsible for the production of insulin. IL-1 damage to the cells is now hypothesized
to be a primary event in the acute phase of juvenile diabetes maillitus.

Monocyte and macrophage infiltration in the kidneys predominates in many forms of acute and chronic
glomerulonephritis. IL-1 release by these cells may result in local accumulation of other inflammatory ceils,
sventually leading to inflammatory damage and fibrotic reaction in th kidneys.

It has been demonstrated thal the crystals found in tissues or fluids in gout or pseudogout can directly
stimuiate macrophag s to r leas IL-1. Thus, IL-1 may be an imponant mediator in th inflammatory cycle
in these diseases.

IL-1 is capable of inducing loss of calcium from bones and may be responsibl for the osteoporosis that
is seen in inflammatory joint diseas s. -
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Keratinocytes from patients with psonasis release large amounts of 1.y

responsibl  for the s condary celt proliferation ang accumuiation which ocCcurs in
this disease. . '

IL-1 is one of th iImportant endogenous Pyrogens and may be responsibie f
degres of fever seen in some infectious diseases such as acute febrile illnesses due to bacteria or viryses.

Sarcoidosis is charact_enzed by granuiomatous lesions in many different organs in the body. IL-1 has
Been shown to be capabig of inducing granuioma formation in vitro ang may be invoi
patients with sarcoidosis. —

Excessive IL-1 production has been demonstrated in perichera! Manocyies irom both Crohn's disease
and uicerative colitis. Local IL-1 release in the intestine may be an important mediator in stimulating the
inflammatory Cycle in these diseasas.

This mediator may be
the skin in patients with )

or inducing the marked

ved in this process in

1 release has been demonstrated by some lymphoma cells in vitro and may be responsible for some of the
clinical manifestations of these malignancies. Also, IL-1 production by some malignant lymphocytes may be
responsible for some of the fever, acute phase response and cachexia seen with leukemias.

IL-1 release by astrocytes in the brain is thought to be responsible for inducing the fibrosis that may
result after damage to the brain from vascular ocelusion,

C. Uses for an IL-1 Inhibitor

In these and other circumstances in which IL-1 has a harmful eHact, there is clearly a clinical use for an

- inhibitor of IL-1 action. As IL-1 is a co-mitogen for T-cells, it is central to the development of autoimmune

and other immune diseases. Thus, Systemicaily adminigtered, IL-1 inhibitors could be useful immunosup-
pressive agents. Locally appiied. such IL-1 inhibitors could Serve to prevent tissue destruction in an
inflamed joint and other sites of inflammation. indeed, to prevent tissue’ destruction some IL-1 inhibitors
could be even more effective when administered in conjunction with collagenase inhibitors.

Therapeutic intervention against the action of IL-1 might be possible at the level of synthesis, secretion.
or the target cell's binding or response to the protein. IL-1 is synthesized by monocyte/macrophages and
other cells in response to lipopolysaccharides, compiernent fragments andg viruses. Any molecuie that
blocks binding of these inducing agents to producer cells or which interferes with their efects on the
physiology of these ceils would Serve as a reguiator of IL-1 action. IL-1 is not secreted by a traditional
secretion systemn since mRNAs have been isolated that code for at least two 30 k¢ precursors of the
proteins but which do not contain a hydrophobic signal sequence. Release of the acti~9 protein from the
inactive percursor probably requires proteolysis of that precursor. An inhibitor of the relea. s of IL-1 or IL-1s
from their precursors could theoreticaily reguilate IL-1 action. IL-1 probably acts on target cells through a
classical receptor-mediated pathway, although that receptor has not yet been isolated. Thus, it could be that
a molecule that interferes with iL-1 binding to its receptors. or down-requlates these feceptors, could also
reguiate IL-1 action. Moreover, aithough the intraceliular events tollowing receptor binding of IL-1 are not yet
fully understood, it is Possible that agents exist that can interfere with the celiular responses to other
receptor-mediated events and therefore block IL-1 action. For the reasons stated above. proteins and smail
molecules capabile of inhibiting IL-1 in one or more of these manners have been sought.

Surpn'singly. the present inventors have found at least two IL-t inhibitor proteins with IL-1 inhibiting
properties. These molecules have been obtained in a purified form which will enable one of ordinary skill in
the art to determine their amino acid ssquences. Furthermore, a preparation of cells has been characterized
which produce these proteins. and an mRNA that leads to its synthesis has been characterized. Finally, an
antisera has been developed that will facilitate Screening of cDNA expression libraries for the genes coding
for these inhibitors. Together these reagents will aliow €ONAs encoding the IL-1 inhibitors to be cloned.
These genes will, in turn, make Passible the large scale production of -1 inhibitors suitable for us in
pharmaceutical formulations usaful in treating pathophysicological conditions mediated by IL-1,

Summary of the Invention

This invention relal s to IL-1 inhibitors "IL-1iM g nerally and, mors specifically, to a monocyte-derived
IL-1 inhibitor. Additignally, th present invention relates to biclogically-active analogs of these inhibitors.

An object of th pr sent invention is to provid purified forms of IL-1 inhibitors which are active aqgainst
IL-13 or IL-1B or a combination thereof. An additional object of the pr sent invention iS t0 provid thes
inhibitors in purified forms t enable the d termination of their amino acid sequ nce. A further object is o
provid th amino acid samiancae ~¢ mamaim 1 o -.vos .. -
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activy analugs of suen i 1 unbitors with enhanced or equival nt properties 1s also One of ne objec:s of the
invention,

This object 1s achiaved Dy an interleukin-1 inhibitor according to claim 1.

Additionally, it s an object of ttws invention 1o provid a recombinant-DNA system for the production ot
the IL-1 inhibitors described herein, This object is achi ved by a DNA Séquence according to claims 6 or 7.

Additional objects and adgvantages of the invention will b s ¢ forth in part in th description which
follows. and n part will be obvious from the descrption or may b learned fram the practce of the
invention. The objects ang advantages'may be realized and aftained Dy means of the instrumentaiities ang
combinalions paruicularty pointed out in the appended claims.

To achieve the abjects and in accordance with the purposes of the present invention, IL-1 nhibitors are
disclosed which axhibit inhibitory actuwity against IL-1. The preferred inhibitors have been isolated in a
purified form from monocyte-conditioned medium with Monocytes grown on igG-coated piates. )

Moreover, to achieve the objects and in accordance with the purposes of the present invention, a
recombinant-ONA system for the creation of these IL-i inhibitors and their analogs is also disclosea. A
preferred embodiment of this system includes at least one cDNA clone or its Synthetic equivalent encoding
at least one IL-! inhibitor along with vectors and cells constituting an expression system capaoie of
expressing the IL-1 inhibitors disclosed hersin. Antisera for use in identifying these cDNA clones is aiso
provided. Expression systems for Producing these IL-1 inhibitors using thesa cONA clones, their analogs, or
other DNA sequences encoding these inhibitors are also provided. '

Brief Description of the Figures

Figures 1a and 1b depict the protein profile of the Mono Q chromatography of two metabolically-
labelled monocyte supernatants. The cells were cuitured on I9G (1a) or faetal calf serum (1b) coated plates.

Figure 2a shows silver stained gels of fractions from the regions indicated in Figures 1a and 1b. o

Figure 2b is an autoradiogram of the gels shown in Figure 2a. ’ .

Figures 3a. b and ¢ present data on the purified IL-1i of Example 1. Figure 3a prasents chromatography
data with the radioactivity parntern superimposed. Figure 3b presents silver stained gels run on samp! s of
the fractions indicated in Figure Ja. Figure 3c presents autoradiograms of the gels in Figure 3b.

Figures 4a ana b present the results of gel filtration chromatograms of Mono Q-purified IL-1i.

Figures S5a and b present Waestern analysis of mouse antisera.

Figure 6 depicts the construction of plasmid pSVXVPL2IL - 1i.

Figure 7 depicts the construction of plasmid pMK-SGE:IL-1i. }

Figures 8a-d present data on IL-li-a. Figures 83 and 8b present chromotography data. Figur 8¢
presents a silver stained gel run on samples of fractions indicated in figure 8b. Figure 8d presents an
autoradiogram. T

Figures 9a and 9b present data on IL-1i-8. Figure 9a presents chromotography data. Figure 9b presents

. SDS-PAGE data.

Figure 10 presents data of IL-1i-a peptide separation.

Figure 11 presents data of IL-1i-8 peptide separation.

Figure 12a is a photograph of the gel with the GT10-IL1i-2A digested with EcoRl after electrophoresis
accorging to Example 6.

Figure 12b presents data of an autoradiogram of a Southern blot of the gel shown in Figure 12a.

Figure 14 depicts the nucleotide sequence of GT10-iIL1i-2A.

Figure 15 depicts a peptide including, inter alia, an IL-1i sequence and a secretory leader sequence.

Description of the Preferred Embodiment

Reference will now be made in detail to the presently preferred embodiments of the invention, which.,
together with the following examples, serve to explain the principles of the invention.

A. Inhibitor from Human Monocytes .

As noted abov , th present invention relates to IL-1 inhibitors which have been isolated in a purifi d
form. Pref rably, the IL-1 inhibitors of the present invention are derived from human monocyte conditioned
medium where the monocyles ar grown on IgG coated v ssels. In aadition, the invention encompass s
Substantially purified IL-1 inhibitors of any origin which are biologically equivaient to the inhibitgr deriv ¢
from human monocyte-contained medium.

P



10

14

4$

EP 0 343 684 B1

By “biclogically equivaient”. as used throughout the specification and claims, we mean compositions of
th present nvention that arg capabl of preventing iL-1 action n a similar fashion, but not necessarily to
the same degree. as th native- IL-1 inhibttor. isolated from monocytes. By "substantially homologous” as
used throughout the ensuing specification and claims. is meant a degree of homology to the native IL-1
inhibitor 1solated from monocyte-conditioned medium in excess of that displayed by any previously reported
IL-1 inhibitors. Preferably, the degree of homology in excess of 70 percent. more preferably in excess of 80
percent and even more preferably in excess of 90 per cent. A particularly prelerred group of inhibitors are
in excess of 95 percent homologous with the native inhibitor. The percentage of homology as described is
caiculated as the percantage of amino acid residuss found in the smaiier of the two sequences that align
with identical amino acid residues n the sequence being compared when four gaps in a tength of 100 amino
acids may be introduced to assist in that alignment as set forth by Dayhoff, M.D. in Atlas of Protein
Sequence and Structure Vol.5. p. 124 (1972), National Biochemical Ressarch Foundation, Washington, 0.C..
specificaily incorporated herein by reference.

The preferred IL-1 inhibitors of the present invention have been derived from monocyte-conditioned
medium and. for the first time, have been isclated in 3 purified form. For the purposes of the present
application, “pure form® or "purified form" when used to refer to the IL-1 inhibitors disciosed herein, shall
mean a preparation which is substantially free of other proteins which are not IL-1 inhibitor proteins.
Preferrably, the IL-1 inhibitors of the present invention are at least 90% pure and preferably 95% pure.

At least three purified IL-1 inhibitors have been isolated by the methods of the Exahple. These include
inhibitor 1, inhibitor 2 and inhibitor 3. Inhibitor 1 is behaving as a 22-23 kDa molecule on SOS-PAGE with an
approximate isoelectric point of 4.8 and eluting from a Mono Q FPLC column at around 52 mM NaCl in Tris
butfer. pH 7.6. Inhibitor 2 is also a 22-23 kDa protain. pi=4.38, but eluting from a Mono Q column at 60 mM
NaCl. Inhibitor 3 is a 20kDa protein and elutes from a Mono Q column at 48 mM NaCl. Inhibitors 1. 2 and 3
are related immunclogically and functionally Having cbtained these inhibitors in purified forms has enabled
the present inventors to obtain their amino acid sequences. Using the purified inhibitors disclosed for the
first time herein and methods such as those described in and by ABI Protein Sequencer technical manuais
supplied with the ABI Protein Sequencer, a substantial proportion of the amino acid sequences of these
inhibitors can be deduced.

Example 3 shows amino acid Sequence data cbtained of three species of IL-1 inhibtors. namely IL-1,-X.
IL-1=a and IL-1,-8. :

The present inventors have discovered at least one antibody raised against an IL-1 inhibitor. Other
polycional and monoclonal antibodies against this and other IL-1 inhibitors may be prepared by methods
known to those of ordinary skill in the art. One particular polycional antibody is described in Example 4.

B. Recombinant Inhibitor

1. General

A recombinant ONA method for the manutacture of an IL-1 inhibitor is now disclosed. In one
embodiment of the invention, the active site functions in a manner biologically equivalent to that of the
native IL-1 inhibitor isolated from human. A natural or synthetic ONA sequence may be used to direct
production of the IL-1 inhihitors. This method comprises:

(3) cuituring a host ceil that includes a vector, said vector including a ONA sequence encoding the IL-1i
of any of claims 1 to 4 and including operational elements needed to oxpress the DNA sequence in the
host cell under conditions appropriate for ampilification of said vector and expression of the IL-1i; and

(b) harvesting the IL-1i protein.

2. DNA Sequences

DNA sequ nc s contemplated for use in this method are discussed in part in Exampl S and in part in
Exampl 6. It is contemplated that th s sequences include synth tic and natural DNA sequences. The
natural sequ nces further include cONA or genomic DNA segments.

Example 8 provides a molecular clone of DNA encoding a protein identical to that isolated in Examples
1-3. In Example 6, a plaqu . GT10-IL1i-2A, was isolated from a GT10 Library. Th phage within this plaque
was propagated and the DNA was isolated and digested with EcoRI. An EcoRI fragment of 1850 base pairs
cami s th coding sequence for IL-1 inhibitor. Figure 14 shows the partial DNA sequence of the EcoRl
fragment.
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In hght of th (eacnmgs contained h rein and procadures xnown, otner Syithenc polynuctectids
s quences wil de availaple (0 one of orgdinary skill in the art. As an exampl of the current state of th art
relatng 10 polynucleouds synth sis. one is directed to Matteucct. M.D. and Caruthers, MH.. in J. Am.
Chem. Soc. 103:318S (1981) and Beaucage. S.L. and Caruth rs. M.H. in Tetrahedron Lett. 22:1859 (1981).
and to h instructions supplied with an AB8I oligonucleoude synthesizer. sach of which 1s specificaily

. incorporatea heren by reference.

These synthelic Sequences may be identical 1o the natural sequencas described n more detail below or
they may contain different nucleoudss. In one ambediment, if the synthetic sequences contain nucleoudes
difterent from those found in the natural DNA sequencas of this invenuon, it is contemptlated that these
aifferent sequences wil still ancode a polypeptide which has the same pnmary structure as IL-1i isolat d
from monocytes. In an aiternate embodiment. the synthetic sequence contamning different nucleotides will
encode a polypeptide which has the same biological activity as the iL-1i described herain.

Additionally, the DNA sequence may be a fragment of a natural sequence. i.e.. a fragment of a
polynucleotide which occurred in nature and which has been isolated and purified for the first lime by the
present inventors. In one embodiment, the DNA sequencs is a rastriction fragment isolated from a cONA
library.

In an alternative embodiment, the DNA sequence is isolated from a human genomic library. An example
of such a library useful in this embodiment is set forth by Lawn et al. in Cell 1S:1157-1174 (1978),
specifically incorporated herein by reference. T

In a preferred version of this embodiment, it is contemplated that the natural DNA sequence will be
obtained by a method comprising:

(a) Preparation of a human cONA library from cells, preferably manocytes, capable of generating an IL-1
inhibitor in a vector and cell capable of amplitying and expressing all or part of that cDNA;

(b) Probing the human DNA library with at least one probe capable of binding to the IL-1 inhibft;:: gene
or its protein product; _ : ' 3 .
(c) Identifying at least one clone containing the gene coding for the inhibitor by virtue of the ability of the
clone to bind at least one probe for the gene or its protein product; 3

(@) Isotation of the gene or portion of the gene coding for the inhibitor from the clone or clones chosen;
(e) Linking the gene. or suitable fragments thereof, to operational elements necessary to mainta:n and
express the gene in a host cell. . .

The natural DNA sequences usaful in the foregoing process may also be identified and isolaled through

a method comprising:
(a) Preparation of a human genomic DNA library, preferably propagated in a recArﬁBC €. coli host;
(b) Probing the human genomic DNA library with at least one probe capablé of binding to an L
inhibitor gene or its protein product; ‘ "f
(c) Identification of at least one clone containing the gene coding for the ir.iibitor by virtue of the ability
of the clone to bind at least one probe for the Qe or its protein product;
(d) Isclanon of the gene coding for the inhibitor ‘om the clone(s) identified; and
(6) Linking the gene, or suitable fragments there ¥, to operational alements necessary to maintain and
exprass the gene in a host cell.

in 1solating a natural DNA sequence suitable for use in the above-method, it is preferred to identify th
two restriction sites located within and ciosest to the end portions of the appropriate gene or sections of the
gene. The DNA segment containing the appropriate gene is then removed frolm the 'remainder of the
genomic material using appropriate restriction endonuciaases. After excision, the 3' and S ends of the DNA
sequence and any exon junctions are reconsitructed to provide appropriate DNA sequences capable of
coding for the N- and C- termini of the IL-1 inhibitor protein and capable of fusing the DNA sequence to its
operauonal elements.

J. Vectors

(3) Microorganisms. aspecially E. coli

The vectors contempiated for use in th present invention includ any vectors into which a DNA
sequenc as discussed abov can be inserted, along with any preferred or required operational elements,
and which vector can then be subsequently transferred into a host ¢ |l and r plicated in such cell. Pr fgrred
vectors are those whose restriction sites hav been well documented and which contain the operational

lements preferred or required for transcription of th DNA sequence. However, certain embodiments of th
present invention are also envisioned which mploy curr ntly undiscovered vectors which would contain one
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or more of the"cDNA sequ nces d scribed heremn. In particular. it is preferred that all of these vectors have
som or all of the following charactenstics: (1) possess a minimal number of host-organism sequences: (2)
be stably mantained ang propagated in the desired host: (3) be capable of being present in a high copy
number in the desired host: (4) possess a regulatable promoter positioned so as to promote transcription of
the gene of interest: (S) have at least one marker DNA sequence coding for a selectable trait present on a
portion of the plasmid separate from that where the ONA sequence will be inserted: and (6) a ONA
sequence capable of terminating transcription. :

In various preferred embodiments. these cloning vectors containing and capable of expressing the DNA
sequences of the present invention contain various operational elements. These “operational elements.” as
discussed herein. include at least one promoter. at ieast one Shine-Dalgarno sequence and initiator codon.
and at least one terminator codon. Preferably, these “operational elements” aiso inciude at least one
operator, at least one leader sequence for proteins to be exported from intracellular space. at least one
gene for a regulator protein, and any other DNA sequences necessary or preferred for appropriate
transcription and subsequent transiation of the vector ONA.

Centain of these operational elements may be present in each of the preferred vectors of the present
invention. It is contemplated that any additional operational elements which may be required may be added
to these vectors using methods known to those of ordinary skill in the art, particularly in light of the
teachings herein.

In practice, it is possible to construct each of these vectors in a way that allows them to be easily
isolated, assembled and interchanged. This facilitates assembly of numerous functional genes from
combinations of these eiements and the coding region of the DNA sequences. Further, many of these
elements will be applicable in more than one host. It is additionally contemplated that the vectors. in certain

_ preferred embodiments, will contain DNA sequences capabie of functioning as requiators ("operators”), and

other DNA sequenes capable of coding for reguiator proteins.
(i) Regulators

These regulators, in one embodiment. will serve to prevent expression of the ONA sequence in the
presence of certain environmental conditions and. in the presence of other environmental conditions, will
allow transcription and subsequent expression of the protein coded for by the DNA sequencs. In particular,
it is preferred that regulatory segments be inserted into the vector such that expression of the DNA
sequence will not occur, or will occur to a greatly reduced extent. in the absence of. for exampie.
isopropylthio-beta-D-galactoside. In this situation, the transformed microorganisms containing the ONA
sequence may be grown to at a desired density prior to initiation of the expression of IL-ti. In this
embodiment. expression of the desired protein is induced by addition of a substance to the microbial
environment capable of causing expression of the DNA sequence after the desired density has been
achieved.

(i) Promoters

The expression vectors must contain promoters which can be used by the host organism for expression
of its own proteins. While the lactose promoter system is commonly used, other microbial promoters have
been isolated and characterized. enabling one skilled in the art to use them lor expression of the
recombinant IL-1i,

iii) Transcription Terminator

The transcription terminators contemplated herein serve to stabilize the vector. In particular, those
$ Qu nc s as described by Rosenberg. M. and Court, D.. in Ann. Rev. Genet. 13:319-353 (1979), ar
contemplated for us in th pr sent invention.

{iv) Non-Translated Sequence

It is noted that. in the preferred embodiment, it may als be @ sirable t reconstruct the 3 or §' end of
th coding region to allow incorporation of 3' or 5' non-transiated sequences into th g ne transcript.
Included among these non-transiated sequences ar those which stabilize the mRNA as they are identified
by Schm issner, U., McKenney, K., Rosenberg, M and Court. D. in J. Mol. Biol. _!_72:39-53 (1984).
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(v) Riboscome 8.aaing Sies

The microbial expression of fore:gn proteins requires csrtain operational elements wnich nclude. bul

ar not limited 0. nbosom binging Sies. A nbosome binding site 1s a sequence which a rnbosome .

recognizes-and binds to i th imuauon of protein synthesis as set forth in Gold, L.. et al.. Ann. Rev

Microbio. 3_5_:557-580; or Marquis, D.M., et al.. Gen 42:175-183 (1986). A prefsrred ribosome pindINg site 1s
GAGGCGCAAAAA(ATG). -

{v1) Leader Sequence and Translational Coupler

Additionally, it is preferred that DNA coding for an appropriate secretory leader (signal) sequence be
prasent at the 5’ end of the DNA sequence as set forth by Watson, M.E. in Nucleic Acids Res. 12:5145-
5163 i the protein is to be excrated from the cytopiasm. The DNA for the leader sequence must be in a
position which allows the production of a fusion protein in which the leader sequencs is immediately
adjacent to ana covalently joined to the inhibitor, i.e., there must be no tanscription or transiauon
termination signais between the two DNA coding sequences. The presence of the leader sequence s
desired in part for one ar more of the following reasons. First, the presence of the leader sequence may
facilitate host processing of the IL-1i. In particular, the leader sequence may direct cleavage of the imtial
translation product by a leader peptidase to remove the leader sequence and leave a polypeptide with th
amino acid sequence which has potential protein activity. Second, the presence of the leader sequence may
facilitate purification of the IL-ti, through directing the protein out of the cell cytoplasm. In some species of
host microorganisms, the presence of an appropriate leader sequenca will allow transport of the completed
protein into the periplasmic space, as in the case ol some E. coli. In the case of certan E. coli.
Saccharomyces and strains of Bacillus and Pseudomonas, the appropriate leader sequence wiil allow
transport of the protein through the cell membrane and into the extracaliular medium. In this situation, the
protein may be purified from extracellular protein. Thirdly, in the case of some of the proteins prepared by
the present invention, the presence of the leader sequence may be necessary to locate the completed
protein in an environment where it may fold to assume its active structure, which structure possesses the
appropriate protein activity. . :

In one preferred embodiment of the present invention, an additional DNA sequence is located
immediately preceding the DNA sequence which codas for the IL-1 inhibitor. The additional DNA sequence
is capable of functioning as a transiational coupler. i.e., it is a ONA sequence that encodes an RNA which
serves to position ribosomes immediately adjacent to the ribosome binding site of the inhibitor ANA with
which it is contiguous. in one embodiment of the present invention, the transiational coupler may be denved
using ' the DNA sequence
TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG and methods cur-
rently known to those of ordinary skill in the art related to transiational coupiers.

(vii) Translation Terminator

The transiation terminators contemplated herein serve to stop the transiation of mRNA. They may be
either natural, as described by Kohli, J., Mol. Gen. Genet. 182:430-439; or synthesized, as described Dy
Pettersson, R.F. Gene 24:15-27 (1983).

{viii) Selectable Marker

Additionally, it is preferred that the cloning vector contains a selectable marker, such as a drug
resistance marker or ather marker which causes expression of a selectabie trait by the host microorganism.
In one ‘embodiment of the present invention, the gene for ampicillin resistance is inclugded in the vector
while, in other plasmids, the gene for letracycline resistance or the gene for chloramphenicol resistance is
included. .

_ Such a drug resistance or other selectable marker is intended.in part to facilitate in the sefection of
transformants. Additionally, the pr s nce of such a selectable marker in th cloning vector may be of use in
keeping contaminating microorganisms from muitiplying in th cuiture medium. In this embodiment. 3 pur
cultur of th transformed host microorganisms would be obtained by culturing th microorganisms under
conditions which require the induced ph n type for survival.

The operational elements as discussed h rein ar routinely selected by thos of ordinary skill inth art
in light of pnor literature and the teachings contained herein. G neral examples of these operational
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elements are sel forth in B. Lewin. Genes, Wiley & Sons, New York (1983). Various exampl s of suitable
op rational elements may be found an th  vectors discussed above and may b elucidated through review
of th publications discussing the basic charactenstics of the aforementioned vectors.

Upon synthesis and isolation of ail hecessary and desired component parts of the above-discussaed
vector, the vector is assembled by methods generally known to those of ordinary skill in the art. Assembly
of such vectors is believed to be within the duties and tasks performed by those with ordinary skill in the art
and. as such, is capable of being performed without undue experimentation. For example, similar DNA
sequences have been ligated into appropriate cloning vectors. as set forth by Maniatie ot al in Msiscular
Cloning, Cold Spring Harbor Laboratories (1984). -

In construction of the cloning vectors of the present invention, it shouid additionally be noted that
multiple copies of the DNA sequence and its attendant operational elements may be inserted into each
vector. In such an embodiment, the host organism would produce greater amounts per vector of the desired
iL-1 inhibitor. The number of muitipie copies of the DNA sequence which may be inserted into the vector is
limited only by the ability of the resuitant vector, due to its size, to be transferred into and replicated and
transcribed in an appropriate host ceil.

(b} Other Microorganisms

Vectors suitable for dsa in microorganisms other than E. coli are also contemplated for this invention.
Such vectors are described in Table 1. In addition. centain preferred vectors are discussed below.
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(i) Pseudomonas Vectors

Sev ral vector plasmids which autonomously replicate in a broad rang of .Gram negative bactena ar
pr { rred for use as cloning vehicles in h sts of th genus Pssudomonas. Certain of these ar described by
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Tait, R.C.. Close. T.J., Lundquist, R.C., Hagiya, M., Rodriguez, R.L.. and Kado. C.I. In Biote
1983. pp. 269-275: Panopouios, N.J. in Genetic Engineering in the Plant Sciences, Praeger Pubiishers.
New York, N w York, pp. 163-185 (1981); and Sakagucki, K. mn Current Topic n Microbiology ang
Immunology %:31-45 (1982). . ' _

One particularly preferred construction would employ the plasmid RSF1010 and derivatives thereof as
described by Bagdasanan, M., Bagdasarian, MM, Coleman, S.. ang Timmus, K.N. in Plasmids of Medical.
Environmental ang Commercial importancs, Timmis, K.N. and Puhler, A. eds.. Elsevier/Norh Hollang
Biomedical Press (1979). The advantages of RSF1010 are that it is relatively a small, high copy number
plasmid which is readily transformed into and stably maintained in both £, coii and Pseudomonas species.
In this system, it would be preferred to use the Tac expression System as described for Eschernichia. since it
appears that the E. coli trp promoter is readily recognized by Pseudomonas RNA polymerase as set forth
by Sakagucki. K in Current Topics in Microbiology ang Immunology 96:31-45 (1982) and Gray, G.L,
McKeown, K.A., Jones. A.J.S., Seeburg, P.H., and Heyneker. H.L. in Biotechnology. Feb. 1984. pp. 161-165,
Transcriptional activity may be further maximized by requiring the exchange of the promoter with, e.g.. an
E. coli or P. aeruginosa trp promoter. Additionally, the lacl gene of E. coli would also be included in the
ptasmid to eflect reguiation.

Transiation may be coupled to transiation initiation for any of the Pseudomonas proteins, as well as to
initiation sites for any of the highiy expressed proteins of the type chosen o cause intraceliular expression
of the inhibitor. o

In those cases where restriction minus straing of a host Pseudomonas species are not available,
transtormation efficiency with plasmid constructs isolated from E. coli are poor. Therefore, passage of the
Pseudomonas cloning vector through an r- m+ strain of another species prior 10 transformation of the
desired host, as set forth in Bagdasarian. M., et al., Plasmids of Medical. Environmental and Commercial
importance, pp. 411-422, Timmis and Puhler eds.,” Elsevier/North Holland Biomedical Press (1979). s
desired.

chnology. May,

(ii) Bacillus Vectors
—3

Furthermore, a preferred expression system in hosts of the genus Bacillus invoives using plasmid
PUBT10 as the cloning venicie. As in other host vector systems, it is possibie in Bacillus to express the IL-1i
of the present inventio: as either an intraceliular or a secreted protein. The present embodiments include
both systems. Shuttle vectors that replicate in both Bacillus and E. coli are available for constructing and
testing various genes as described by Dubnau. D., Gryczan, T.. Contente. S.. and Shivakumar, A.G. in
Genetic Engineering, Vol. 2, Setlow and Hollander eds.. Plenum Press, New York. New York. pp. 115-131
(1980). For the expression and secration of the IL-1i from B. subtilis. the signal sequence of alpha-amylase
is preferably coupled to the coding region for the protein. For synthesis of intracellular inhibitor, the portable
DNA sequencs will be transiationally coupled to the ribosome binding site of the alpha-amylase leader
sequences. o

Transcript ion of either of these constructs is preferably directed by the alpha-amylase promoter or a
derivative thersof. This derivative contains the RNA polymerase recognition sequence of the native alpha-
amylase promoter but incorporates the lac operator region as well. Similar hybrid promoters constructed

reguiatable fashion as set forth by Yansura, D.G. and Henner in Genetics and Biotechnology of Bacilk,
Ganesan, A.T. and Hoch, J.A., eds.., Academic Press, PP. 249-283°(1984). The lacl gene of E. coli woud
also be included in the piasmid to effect regulation.

(i) Clostridium Vectors

On preferred construction for expression in Clostridium is in plasmid pJU12. described by Saquires,
C.H. et al., in J. Bacteriol. 159:465-471 (1984), transformed into C. perfringens by th m thod of Heefn 8
O.L. et al., as d scribed in J. Bacteriol. 159:460-464 (1984). Transt_:ription 18 directed by the promot r of th

letracyclin resistanc gene. Translation is coupled to the Shine-Dalgamo sequences of this same tet’ gene
in a manner strictly analogous to the procedures outlined above for vectors suitable for us in other hosts.

(iv) Yeast Vectors

Maintenanc of foreign DNA introduced into yeast can be efected in several ways as described by
Botetain M and Mawie Dz 2 v . ao.s. . - .
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LaDuratory. Strathern. Jones and Biuach. 20S.. £p. 607 536 (1982) Ona preferreq axpressicn system tor
use with nost organtsms of the genus Saccharomyces harbors the IL- 1 g ne on the 2 micron plasmia. The
agvantages of the 2 micron circle include relatively righ copy number ang stabhiitly whnen introduced into
cir® strains. These vectors pref rably 1nCorporat  the replication ongin and at lsast one antibiotic resistance
marker trom pBR322 to allow replicaton and selection in E. coli. In aqdition, the plasmid will praterably
have the two micron sequence and the yeast LEU2 gene o serve the same purpos s in LEU2 aetective
mutants of yeast.

it 1t 1s contemplated mMat the recorbinant IL-1 inhibitors will ultimately be expressed in yeast. it s
preferred that the cloming vector first be transferred into Escherichia coli. where the vector would be allowed
1o repiicate and from which the vector would be obtained and purified after amplification. The vector wouid
then be transtarred into the yeast for ultimate expression of the IL-1 inhibitor.

(c) Mammalian Cells

The cONA for the IL-1 inhibitor will serve as the gene for expression of the inhibitor in mammatian cells.
it shouid have a sequence that will be efficient at binding ribsomes such as that described by Kozak, in
Nuctetrc Acias Research 15:8125-8132 (1987) and should have coding capacity for a leader sequence (see
section 3(a)(vi)) to direct the mature protein out of the ceil in a processed form. The DNA restriction
fragment carrying the complete cONA sequence can be inserted into an 9xpression vector which has a
transcriptional promoter and a transcriptional enhancer as described by Guarente, L. in Cell 52:303-305
(1988) and Kadonaga. J.T. et al., in Cell 51:1079-1090 (1987). The promoter may be regulatable as in the
plasmid pMSG (Pharmacia Cat. No. 27450601) if constitutive expression of the inhibitor is harmful to cell
growth. The vector should have a complete polyadenylat.on signal as described by Ausubel, F.M. et al. in
Current Protocols in Molecular Biology. Wiley (1987) so that the mRNA transcribed from this vector is
processed properly. Finally, the vector will have the replication origin and at least one antibiotic resistance
marker from pBR322 to allow replication and selection in E. coli. . K

In order to select a stable cell line that produces the IL-1 inhibitor, the expression vector can carry the
gene for a selectable marker such as a drug resistance marker or carry a complementary gene for a
deficient ceit line, such as a dihydrofolate reductase (dhfr) gene for transforming a dhtr= ceil line as
descnibed by Ausubel et al., supra. Alternatively, a separate plasmid carrying the selectable marker can be
cotransformed along with the expression vector.

4. Host Celis/Transtormation

The vector thus cobtained is transferred into an appropriate host ceil. Thase host cells jnay b
microorganisms or mammaiian cells. : -

(a) Microorganisms

It is believed that any microorganism having the ability to take up exogenous DINA and express those
genes and attendant operational slemants may be chosen. After a host organism has been chosen, th
vector is transferred into the host organism using methods generaily known to those of ordinary skill in the
art. Examples of such methods may be found in Advanced Bacterial Genetics by R. W. Davis et al.. Cold
spring Harbor Press, Cold Spring Harbor, New York, (1980). It is preferred, in one embodiment, that the
transformation occurs at low temperatures, as temperature regulation is contemplated as a means of
requlating gene expression through the use of operational elements as set forth above. In another
embodiment, il osmolar regulators have been inserted into the vector, regulation of the sait concentrauons
dunng the transformation wouid be required to insure appropriate control of the foreign genes.

It is preferred that the host microorganism be a facuitative anaercbe or an aerobe. Particular hosts
which may be preferable for use in this method include yeasts and bacteria. Specific yeasts include those
of the genus Saccharomyces, and especially Saccharomyces cerevisiae. Specific bacteria include those of
the genera Bacillus, Eschenchia, and Pseudomonas, especially Bacillus subtilis and Escherichia coli.
Adaditional host cells are listed in Table |, supra. ’

() Mammalian Cells

The vector can be introduced into mammalian cslls in culture by several techniques such as calcigm
phosphat :ONA coprecipitation, electroporation, or protoplast fusion. Th preferred method is coprecipitation
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with calcium phosphate as ¢ scribed by Ausubel ot al.. supra. ,

Many stable cell types exist that ar transformable and capabl of ranscnibing and translating the cONA
seaqQuence. prqcessmg th  precursor IL-1i and secreting th mature proten. However, cell types may be
variabl with regard to glycosylation of Secreted proteins and post-transtational modification of amino acid

residues. if any. Thys, the ideat ceil types are those that produce a recombinant I -1 inhibitor identical to
the natural moleculs. .

S. Culturing Engineered Calls

The host cells are Cultured under conditions appropriate for the expression of the IL-1 inhibitor. These
conditions are generally specific for the host ceil, and are readily determined by one of ordinary skill in the
art in flight of the published literature regarding the growth conditions for such ceils and the teachings
contained herein. For example. Bergey's Manuaj of Determinative Bacteriology, 8th Ed., Williams & Witking
Company, Baitimore, Maryiand containg information on conditions for culturing bacteria. Similar information
On culturing yeast and mammalian cells may be obtained from Pollack, R. Mammalian Cei Culture, Cold
Spring Habor Laboratories (1975).

Any conditions necessary for the regulation of the expression of the DNA sequence, dependent upon
any operational elements inserted into or present in the vector, would be in effect at the transformation and
Culturing stages. In one embodiment, cells are grown to a high density in the presence of appropriate
regulatory conditions which inhibit the expression of the DNA sequence. When optimal cell density is
approached. the environmental conditions are " aitered to those appropriate for expression of the DNA
Sequence. It is thug contempiated that the Production of the IL-1 inhibitor will occur in a time span

6. Purification
—
(a) IL-1i Produced From Microorganisms

In a preferred embodiment of the present invention, the recombinant IL-1 inhibitor is purified subse-
Quent to harvesting and prior to assumption of its active structure. This embodiment is preferred as the
inventors believe that recovery of a high yieid of re-foided protein is facilitated if the protein is first purified.
However, in one preferred, alternate embodiment, the IL-1 inhibitor may be allowed re-foid to assume its
active structure prior to purification. In yet another preferred, aiternate embodiment, the IL-1 inhibitor is
present in its re-foided, active state upon recovery from the Culturing medium,

In certain circumstances, the IL-{ inhibitor will assume its proper, active structure upon expression in
the host microorganism ang transport of the protein through the cell wail or membrane or into the
periplasmic space. This will generally occur it DNA coding for an appropriate leader sequence has been
linked to the DNA coding for the recombinant Protein. If the IL-1 inhibilor does not assume its proper, active
structure, any disuifide bonds which have formed and/or any noncovalent interactions which have occurred
will first be disrupted by denaturing ang reducing agents, for example, guanidinium chioride and beta-
mercaptoethanol, before the IL-1 inhibitor is allowed to assume its active structurs following dilution and
oxidation of these agents under controlled conditions.

For purification prior to and after refolding, some combination of the following steps is preferably used:
anion exchange chromatography (MonoQ or DEAE-Sephaross). gel filtration chromatography (superose),
chromatofocusing (MonoP), ang hydrophobic interaction Chromatography (octy! or phenyl sepharose). Of
particular value will be antibody  affinity chromatography using the IL-ti-specific monocional antibodies
{described in Example 3). -

(b) IL-1i Produced from Mammalian ¢ iis

IL-1i produced from mammalian colls will be purified trom conditioned medium by steps that will
includ i n oxchange chromatography and immunoafﬁmty chromatography using monocional antibodi s
d scribed in Example 3. it will be apparent t thos skilled in th an that various modifications and
vanations can be made in th processes and products of the present invention. Thus, it is intended that the
present invention cover th modifications and variations of this invention provided they come within the
scope of th  appended claims ang their equivalents.
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It1s i0 ve ungersiood that apphvastiun of the teachings of the present inventon 1o a specihic progiem or
envronm nt will be within the capabiiiies of one having ordinary skilt 1n the art hght of the teacnings
contained heren. Exampies of the products of the present invenuon and representative processes for thew
isofanon and manulacture appear in th  following.

The lollowing examples ilustrate various presently preferred smbodiments of the present invention.

EXAMPLES

Example 1 - Protein Preparation

A. Matenals

Hank's Balanced Sait Solution (HBSS) and RPMI were purchased from Mediatech, Washington, D.C.
Lymphoprep was obtained from Accurate Chemnical and Scientific Corp., Westbury, N.Y. Human IgG. MTT,
rabbit anti-prostaglandin E; antiserumn, ammonium bicasbonate, dithiothreitol, complete and incomplat
Freund's adjuvants, hypoxanthine, aminopterin, and thymidine were purchased from Sigma Chemical Co..
St. Louis, Missouri. C3H/HeJ mice were purchased lrom Jackson Labs, Bar Marbor, Maine. BALB/Cc mice
and P3 myeloma cells were obtained frorn Drs. John Kappler and Philippa Marrack at the National Jewisn
Center for immunology and Respiratory Medicine (NJC/IRM), Denver, Colorado. Recombinant human iL-1
was obtained from Cistron Biotechnology. Pine Brook, N.J. Purified phytohemagglutinin was purchased from
Waellcome Diagnostics. Research Triangle park, N.C. Human foreskin fibroblasts from primary cultures were
obained from Or. Richard Clark at the NJC/IRM, Denver, Colorado. Monoclonal mouse anti-rabbitt 19G
antibodies were purchased from AIA reagents, Aurora, Colorado. Low methionine RPMI was made using a
Select-Amine kit from GIBCO Laboratories, Grand istand, N.Y. [* S}-methionine, diphenyloxazole, and [**C}
iodoacetic acid were obtained from DuPont-NEN, Chicago, lllinois. Fetal cait serum ‘was purchaéad from
HyClone Laboratones. Logan, Utah. Mono Q and Superose 12 columns were purchased from Pharmacia,
Inc.. Piscataway, N.J. C4-reversed phase columns were obtained from Synchrom, Inc., Lafayette, indiana. -
C8-reversed phase columns were obtained from Applied Biosystems, Inc., Foster City, California. Acetoni-
trile and polyethylene glycol 8000 wers purchased from J.T. Baker Chemical Co., Phillipsburg. N.J.
Trifluroacetic acid and guanidine hydrochionde were obtained from Pierce Chemicals, Rockford, lllinois.
Endoproteinase Lys C was obtained from Boehringer Mannheim Biochemicals, indianapolis. Indiana. The
microtitering plates used for PGE; ELISA were Nunc-immuno Plate | obtained from Intermountain Scientific
Corporation, Bountiful, Utah. The plates used for hybridoma production were from Costar, Cambridge,
Massachusetts.

B. Generation of Monoctye IL-1 Inhibitor

Human leukocytes were obtained from normal donors by leukophoresis, resuspended in Hank's
balanced sait solution (HBSS) at 1 part packed ceils to 1 part HBSS, underiayed with Lymphoprep and spun
at 400 xg for 30° at room temperature. The mononuciear fraction was taken (typically 4-5 X 10% calis w re
obtained per donor), washed in HBSS without Ca’~ or Mg~ ~, suspended in serum-free RPMI and plated on
petri dishes coated with normal human IgG made LPS free by chromatography over Sephapex G200 (6 x
107 cells in 10mi per 100 mm dish). All reagents contained less than 10 pg/mi LPS. The ceils were cultured
24-48 hr, and the resuiting conditioned medium constituted the crude IL-1 inhibitor (IL-1i) supernatant
Typically, the cells from one donor yieided 700-900 mi crude IL-1i supernatant.

C. Assays for the IL-1 inhibitor

Two IL-1 assays have been used routinely to detect the IL-1i. Thymocytes (1 x 10° cells from 4 10 6
week old CIH/HeJ mice) respond to 1.0 univmi of recombinant hurnan IL-1 plus t ug/mi phytohaemaglutinin
by proliferaling half-maximally, as measured by *H-thymidine incorporation or uptake of the tetrazolium sait
MTT (Mosmann, T.. J. immunol. Mathod, 65:55-81 (1983)) after tree days of stimulation. Crude IL-1i
supernatant fully inhibits this proliferative response at a 1/10 dilution. Human dermal fibroblasts (1 x 105
colis per well in a 96 well plate) typically respond to 0.5 units/ml recombinant human IL-1 by secreting. at 6
hours of stimulation, appr ximately 50,000 pg/ml PGE; that can be measured by ELISA. This assay is as
s nsitive t IL-1i as is the thymocyte assay.
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D. Metabolic Labeling of the IL-1 Inibitor

normal) and to which was added to 0.5 m¢C; % S-methionine (11S1 Ciimmol per 10’ ceils. Control labelings
were performed identically except that the plates were coated with letal caif serum rather than IgG. Assays

on such control supernatants showed that very little IL-1i was secreted when the cells were cultured on fetal
calf serum-coated plates.

€. Purification of the iL-1 Inhibitor Protein

Crude iL-1i supernatants were made 1.0 M in sodium chioride, incubated on ice for 1 hour and
centrifuged at 10,000 rpm for 15 minutes. The supernatants, which contained all of the inhibitor activity but
only 20% of the initiai protein. were then dialyzed extensively at 4° C versus 0.025M Tris. pH 7.6 containing
0.1% sucrose (the A buffer) for gradient fractionation of proteins on a Mono Q anion exchange column.
Following dialysis the inhibitor-containing solutions were recentrifuged at 10,000 rpm for 15 minutes and
then passed through 0.22y nylon filters. The supernatants were typically combined with 10 mi of similarly
prepared supernatant from a metabolic labeiing and loaded onto Mono Q-Superose (Pharmacia FPLC)
columns with bed volumes of either 1.0 mi or 8.0 mi, washed with A buffer until the ODas0 of the effiuent
retumned to baseline, and carefuily chromatographed using a liner sodium chioride gradient (025M to .10M)
in buffer A. Column fractions were collected and analyzed for radioactivity and bioactivity. Sampies of each
fraction were aiso run on reduced 12.5% SOS-PAGE. silver stained, permeated with diphenyloxazole. dried
and put onto film to obtain autoradiographic data. Figure 1a shows the protein profile of the Mono Q
chromatography of 40 mi crude IL-1i supernatant mixed with 3 mi of metabolically labeled IL-1i supernatant.
Superimposed are the amount of radioactivity found in 50 ul of each fraction as well as the IL-1i bicactivity
as measured in the PGE;-production assay. Two major and one minor radicactive species are shown that
perfectly correlate with three peaks of bioactivity. Figure 1b shows the similar chromatography of 15 mi of
crude IL-1i supernatant mixed with 3 mi of supernatant from monocytes metabolically labeled on plates
coated with fetal calf serum (FCS) rather than IgG. The levels of the three radioactive species discussed
above are markedly diminished. Figure 2a shows silver stained gels run on the fractions from the regions of
interast in the chromatographies shown in Figures 1a and 1b. Note that the fractions of peak radioactivity
and bioactivity in Figure 1a (fractions 52 and 59) both show a major band at 22 Kd (marked with arrows) on
SDS-PAGE. The third species (fraction 48 in Figure 1a) shows a band at 20kD on SDS-PAGE. Gel filtration
experiments on crude IL-1i have shown that the active molecule has a molecular weight of 18-25 Kd. Figure
2b is an autoradiogram of the geis shown in Figure 2a. it can be readily seen that the protein bands at 20
and 22 Kd are the major radioactive species in those fractions.

Summarizing these resuits, we have shown that the metabolic labeling of monocytes plated on petri
dishes coated with IgG results in radicactive Species that are onty poorty produced if the cells are plated on
dishes coated with FCS. These induced radioactive species perfectly co-chromatograph with several
species of IL-1i bioactivity on Mono Q. and geis and resulting autoradiograms show that the three maijor
induced molecules are proteins of the predicted molecular weight for IL-1i.

The IL-1i molecules were further purified for sequencing in two ways. First. Mono Q fractions with peak
bioactivity and radioactivity were loaded onto a Cé4-reversed phase column and eluted with an
H20/0.1%TFA: acetonitrile/0.1% TFA gradient. Since the IL-1i molecule was trace labeied. samples from
each fraction were directly counted for radioactivity and were aiso analyzed by SOS-PAGE followed by
autoradiography. Figure 3a shows such a chromatograph with the radioactivity pattern superimposed. The
silver stained gels run on samples from each fraction (Figure 3b) and subsequent autoradiograms of the
gels (Figure 3c) show that the IL-1i molecule is found in fractions 32-38. Theme fractions were dried down
and sequenced. Alternatively, th peak Mono Q fractions were dried by Speed Vac. resuspended in 0.4 mi
0.05 M NH.HCO, and directly chromatographed two times on a 10 X 300mm Superose 12 gel filtration
column (Pharmacia FPLC) equilibrated in th sam buMer. as shown in Figs. 42 and 4b. Fractions were
collected and samples of each were tested for radioactivity and bioactivity and were analyzed by siiver
stained and autoradiographed SDS-PAGE. Appropriate fractions were then dried on a speed vac and
sequenced.



15

4S

55

Exampie 2

Proposed Sequencing of th IL-1 Innibitor

Prior to. sequencing. samples w re dissolved in 6§ M guanidine-HCl. pH 8.6, reduced for 4 hours at
37°C under N2 with 100-fold molar excess dithiothrestot over prot In, and alkylatad for 1 hour with 400-foid
xcess '‘C-iodoacetic acid. In that case. the reactions would be d saited on a C8-reversaed phase cclumn,
eluted. ana partially dried. N-terminal sgquences will be detarmined using an Applied Biosystems Protein
Sequencer. To obtain internal Sequences, samples which may have been reduced and alkylated would de
digested with cyanogen bromide or proteolytic énzymes using methods known 10 those of ordinary skill in
the ant. Reactions will be dried, dissolved in 0.1% TFA/H;0, and Pepudes will be separated using a C8-
reverse phase column. .

Example 3

Purification and Sequencing of the Species of IL-1 Innibitors

A. IL-1i-X, IL-1i-3 and IL-1i-b Species

The Mono Q purification of IL-1i resolves the biological activity into three major species, as shown in
Figure 1a and described in Exampie 1. where the peak fractions for this activity are 48. 52. and 59. SOS-
PAGE on samples of these fractions. as shown in Figure 2a, reveal pertinent species at 20 kD. 22 kD, and
22D, respectively. Western analysis of such geis, using the mouse antisera discussaed in Example 4 below,
stains all three of these species. When IL-1i is prepared from cells metabolically labeied with 38
methioning. during growth on plates coated with IgG, each of these bands is radioactive (as shown’in Figure
2b). the autoradiogram of the above-mentioned gel). Based on the logic discussed in Example 1. namely
that parallel cells incubated in a non-inducing condition do not produce the IL-1; bioactivity and do not
produce these radioactive bands, we can conclude that these three species account for the biological
activity. We have tentatively named these species IL-1i-X, IL-1i-a, and IL-1i-b, respectively. '

B. Purification and Sequencing of IL-1i-X

Mono Q fractions containing IL-1i-X and/or IL-li-a were further purified by reversed-phase HPLC
chromatography on a Synchropak RP-4 (C4) column, and radioactive Species were submitted for sequence
analysis. Numerous attempts at directly sequencing RP-HPLC-purified IL-ti-a and IL-1i-b have failed.
suggesting that they are chemically blocked at their N-termini. However, one preparation of IL-1i-a (IL-1i-
aB2p4?2) yielded the lollowing sequence:

1 b 10 13 20
lPSClKSSKNQAF_ISDVNQ

and subsequent preparations of IL-1i-X, similarly purified by C4 RP-HPLC, have produced the same
sequence

1 b) 10 13 20
and )

PrepkxF2} BP__BX_LEKEMQAF I

These are obviously part of the sequ nc found in the initial attempt at sequencing IL-li-a. It is the
inventors' conclusion that th sequence data shown is the N-terminus of the 20 kD species called IL-1i-X,

in thes and all subsequent saqu nces an undertined position indicates either an inability to id ntify a
residue or that ambiguity xists with r spect o the residue identified. When two or more residues are put in
one position, it indicates that more than one amino acid was detected at that sequ ncing st P, and the more
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likely correct residu is on top.

C. Gen ration. Purification, and Sequencing of Peptides of IL-1i-a and IL-ti-b

Since IL-1i-a and IL-1i-b are apparently chemically blocked at their N-termini, peptides of each were
generated by endoproteinase digestion. Specifically, Mono Q fractions containing either IL-1i-3 or iL-1i-b
were passed through a 4.6x250 mm C3-RPHPLC column (Zorbax Protein Plus). an acceptable alternative to
the C-4 columns used in ail previous experiments. Very gradual gradients (0.2% acetonitriie per minute at
0.5 mumin) resoived tha IL.1i.a {Figurs 8a.b) or iL-ti-bj Figure 9a) away from the major contaminating
radioactive species. human lysozyme. The identities of the purified species were confirmed by the presencs
of a single. radioactive, 22 kD protein on SDS-PAGE and subsequent autoradiograms (Figures 8c.d and 9b).
The proteins were hand-collected into siliconized glass tubes and to each was added 25 mi of a 0.2%
Tween-20 solution. The IL-ti-containing Iractions were then reduced in volume on a Speed-Vac to SO mi,
brought up to 300 mi by the addition of 1% NH.HCO,, followed by the addition of 1 mq of endoproteinase.
In the case of IL-ti-a, the enzyme used was Endoproteinase Lys C (Boehringer-Mannheim), while IL-1i-b
was cleaved with Endoproteinase Asp N (Boehringer-Mannheim). Cleavage was carried out at 37°C for 16
hr, and then the volume of the reaction mix was reduced to S0 mi on a Speed Vac.

In the case of IL-1i-a, the sample was directly chromatographed, whereas the IL-1i-b sample was first
reduced by the addition of Smi of S0 mM dithiothreitol in 2 M Tris, pH 8.0, reacted for 30 min at 37°C, and
then carboxymethylated by addition of 1.1 umole *H-iodoacetic acid in 10 mi ethanol (reacted 30 min at
37°C in the dark). Separation of the peptides was performed on a 2.1x250 mm Browniee Aquagore RP-300
(C8) narrow-bore column at a flow rate of 100 mumin using a Beckman HPLC outfitted with microbore
hardware and microbore-compatible pumps. A 200 min 0-100% linear gradient was used (H20/0.1% TFA to
acetonitrile/0.1% TFA). The peptide separations are shown in Figures 10 and 11. The sequence information
obtained is as follows:
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- RalysC.-l MQAF _I_2VNQK
3 b} 10 15 20 g 25
RalysC-53 _FY'._SNQL-VA_YLQGPHVNL!EQIDﬂ A
1 5t Y
RalysC-61 _FATIRHYH
1 S
“RalysC-31 .FYFQED
1 S 10 13 N 20
¢ ¢ s I7? S
RalysC-37 Q0T _LQLEANRQSQLGELQ
1 ] 10 18 20
RalysC-13S e ETRLQLEAV _I1TOLLEN
1 S 10 13 20 a3
’ Q‘rr L ) c ’ ._:?’s
RAAspN-S1 DVNR2IEZYARMNMNQLVYASYLQGPNYNL .
1 ] 10
RAAsSpN-&] DECVNVIXPFYTFQ
1 b g 10 13

RSAspN -39 PSCGRRSSEMQAPFRTIQ

1 S
RSAspN-23 DRRFATIR

1

W

10

§ L Q
RIAspN-10 D_EVNRLEXXK]IS

Two of the peptide sequences are obviously related to that which was obtained earlier from IL-1i-X. On
of these, RaLysC-41, is an IL-1i-a sequence, and the other, RBASpN-51, is an IL-1i-b sequence, arguing that
the three species of IL-ti are at least closely related proteins if not chemically andvor physically modified
forms of a singte original iL-1i molecule. it the listed sequences are combined, the [ollowing composile
$equences result
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These composite sequences appear to be present in no other known polypeptides listed in the most
recently updated Protein Identification Resource Database (PIR 16.0). The inventors believe that these

sequences. or minor variants thereof, represent a class of molecules that are capable of acting as IL-1
inhibitors.

Example 4

Preparation of Antibodies Specific For the IL-1 Inhibitor

Ten week old BALB/c mice were injected subcr.aneously with IL-1i that was partially purified (400-fold)
from crude supernatants by Mono Q-chromatograr.ny, dialyzed versus PBS. and emuisified with Compiete
Freund's Adjuvant. Eac% mouse received the IL-1i purified from 5 mi of crude supernatant. The mice were
boosted every two weer: with an equivalent amount of IL-1i emuisified with Incompiete Freund's Adjuvant,
and serum samples were taken from the tails seven days after each boost. Antisera were tested from anti-
IL-1i activity by Western analysis of transbiots of the immunogen run on SDS-PAGE. as shown in Fig. Sa.
Fig. 5b shows that all of the mice were making anti-IL-1i antibodies after three injections of IL-1i.

Since monocional antibodies will be of great vaiue in cloning the IL-1i gene from an expression library,
puritying the recombinant IL-1i protein. and studying the biology of the molecule. we have begun the
process of making a battery of monocional antibodies specific for IL-1i. To produce B cell hybridomas, the
above mice were injected intravenously with the same amount of IL-1i in saline 24 hours prior to removal of
the spleens. Spienocytes were teased out of the spleens into cold balanced sait solution (BSS), washed two
times with BSS, mixed with P3 myeioma cells at a ratio of 2 x 10’ P3 calls per 10 splenic B ceils and spun
down. The cells were fused by the dropwise addition of 1 mi of warm, gassed (5% CO;) PEG 6000 (40%
polyethylene glycol 6000 : 60% minimal essential medium) to the dry pellet. Fused cells were washed with
BSS and resuspended in 10 mi of rich media (10% FBS) containing 2 x 10% peritoneal cells per mi and the
pellet was gently broken up using a 10 mi pipet. The volume was adjusted to 20 mi with the addition of
more peritoneal cells in media, and the cells were plated out in 96 well plates at 0.1 miwell. Plates wer
placed in a gas incubator and treated in th following manner th reafter:

Day 1 - ~ Add 3x HAT (hypoxanthine. aminopterin, thymidine) in rich medium to a final concentration
of 1x
Day S- Change medium, repiacing with 200 ul 1x HAT in rich medium
Day 10 -  Begin checking for hybrid growth. Chang medium, replacing with 200 ul 1x HAT in rich
medium containing 1.5 x 10° peritoneal ceils per mi.
When hybrid cells are nearly confluent in a w il th supematants are transferred for testing. and the cells
are g ntly scraped with a pipet tip and transfered to 1 mi cuiture welis containing 1x HAT in rich medium
plus 3 x 10® peritoneal cells per mi.
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The supernalants kram the conilyent wells are testeda for unti-th-4 actvity usSINg an ELISA n wiucn
parually purthed IL-1y (Mono Q-purified matenal 'denuical to that injected into the mice) 15 douna to
microtitenng weils. Normal mous sera ang hypenmmun anusera are used as the negative and positive
controls. respectively. Positive supernatants will be retested by ELISA on plates coated with homogeneously
purified "7’ l_n_ and by immunoprecipiation of punfiea metabolically labeled Ii..
ctoned by limiting diluton and injected ito pristane-treated mice for the
quanutes of IL-li-specific anubodies can be produced by ussu Culture or by massive generaton ang
collecton of ascic flud in mice. Punfication of these antubodies and artachment thereof 10 insoludle Deads
will proguce affinity agsorbents for the punfication of the recombinant IL-1i protein.

1i. Positive cells will then be
generation of ascites. Large

Example S

Cloning the IL-1i cONA

It was shown that monocyles plated on IgG-coated petri dishes and cultured for 24 hours mn th
presence of [3*S}methionne produced [®S}IL-1i which could be identified by its chromotographic
properties on Mono Q.

In order to determine when (during the 24 hour period) IL-1i was being produced at a maximal rate,
plated monocytes were exposed 1o [*3 S]-methionine (puised) for a short, two-hour period, at. which ime a
large excess of uniabelled methionine was added and incubated for an additional two hours. The medium
was then coilected and analyzed for radiolabelled IL-1i. This procedure was applied to monocytes at various
times after plating of igG-coated plates and it was found that expesing monocytes to (* S}-methionine at 15
hours after plating produced the maximal amount of (3 S}IL-1i, indicating that iL-1i mRNA in monocytes
was atits maximal level 15 hours after plating on IgG.

Fresh monocytes were then plated on LPS free IgG obtained as in Exampie 18. After incubating in
RPMI media for 15 hours at 37 °C. the cells are washed with phosphate buffered saiine then lyseq with 4M
guanidinium thicCyanate; 25 mM sodium citrate. pH 7, 0.5% sarcosyl, 0.1M 2-mercaptosthanol. Total ANA
was then isolated from this lysate by the AGPC method of P. Chomczynski and N. Sacchi described in
Analytical Biochemistry, vol. 162. pp. 156-159 (1987). :

Poly A" RNA was isolated by oligo dT cellulose chromatography by the method of Aviv, H. and Leder.
P. (1972) Proc. Natl. Acad. Sci. (USA) 69:1408-1412 precipitated with ethanol and dissolved to a concentra-
tion of 0.36 ug/ul. One microgram to poly A* RNA was used 1o prepare cONA according to Gubler, U. and
Hoffman, B. J. (1983) Gene 25:263-169.

~ The cDNA was incorporated into a lambda gtil expression library using Eco R1 linkers from Boehringer
Mannheim catalog No. 988448 or New England Bio Lab No. 1070 and instructions provided.by these
manufacturers. e

The resulting library. which contains 10% independent clones, was screened on E. coli Y1090 rk~ -
(Promega Biotec) with an appropriate polycional antibody to IL-1i as described previously using screening
conditions described by R. A. Young and R. W. Davis {(1983) PNAS 80:1194-1198]. Positive signais will b
detected using a biotinylated second antibody (such as goat anti-mouse 19G. Bethesda Research Labs)
foilowed by a strepavidin-alkaline phosphatase conjugate (Bethesda Research lLabs), as described by
Bayer, E. A. and Wilchek, M. (1979) in Methods in Biochemical Analysis, and Guesdon, J. L. Ternynch, T.
and Avrameas, S. (1979) J. Histochem. Cytochem. 27:1131-1138 and according to manufacturer's instruc-
tions.

Example 8

Preparation and Sequencing of Gene Encoding IL-1i

cDNA prepared as described in Example 5 was incorporated into the cloning vector lambda GT10. This
cONA was first methylated using EcoRl methyiase with S-adenosyl-methionine as the substrate, ERI
linkers were anached in a ligation reaction, and excess linkers were removed by digestion with EcoRl
endonucleas and chromatography on a CL6B spin column. A ligation reaction containing 0.124 ug of
linkered, size-s lected cDNA and 1 ug of EcoRl-cut and phosphatase-treated lambda GT10 was performed.
and the products of this ligation reaction w r packaged using GIGAPACK GOLD packaging extracts
(Stratagen ). This yi lded a library of 1x10’ memb rs.

In order 10 screen this GT10 library, oligonucleotide (antisense) probes were synthesized based on
protein and peptide sequenc s presented in Example 3. Th sequences of th probes and of thewr
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corresponding peptide sequenc ar as follows.

4

PRI triTAcstlconand §

Lys Met Gla ala e

. T aAAA
Probe #ILl{le4 TTcAAgaTdarderZcrlcr &

Ly:mmmclncluup

Probe #IL111-8 TAccaNTeNTTIAAAATAAL &

Net VAl T Lys e Tyr he

Frobe MLl cTdcanrtrdcrIrrire s
Val Asn @Gin Lys Thar

Probe fIL1il~7 :récrgrrgrcna'ag.\r s/
AN Gln Lys Thr e TyT

Nete: N=s A, G, C, amd T

Probe #IL1i1-3 was 3P-phosphorylated at its S’ end and used to screen 3x10° plaques of the library.
ThoptobohybtidizedreoroduciblymMQplaqm.u\dmolm.mplaquomshowntoalso
hybridize to probe #iLli1-4. This plaque, GT10-IL1i-2A, was cultivated and the DNA was isolated using
Lambdasorb (Promega) according to the manufacturer’s instructions. GT10-IL1i-2A has been deposited at
American Type Cuiture Collection (ATCC) in Rockville, Maryland under Accession No. 40488. The DNA was
digested with EcoRl. divided into five equal aliquots, and slectrophoresed on a 1% agarose gel.

After electrophoresis. this gel was stained with ethidium bromide. A photograph of this gel is shown in
Figure 12 a. Lanes 6. 8, 10, 12, and 14 contain the five aliquots from the EcoRlI digestion. Lan 5 contains a
mixtur  of wild-type lambda DNA cut with Hindlll and @X174 RF DNA cut with Hasill (New England Biolabs)
which ar useful as molecular weight markers. Figure 12a shows that GT13-IL1i-2A contains an EcoRI
fragment that is 1850 base pairs in length. -

In order to demonstrate mor conclusively that this 1850 bp fragment carries coding sequence for the
IL1 inhibitor. a Southern biot was performed as follows. The DNA fragments in the gel shown in Figure 12a
were blotted onto nitroceliulose using standard methods. The nitroceilulose was then cut lengthwis into five
strips such that each strip contained the DNA from lanes 6, 8, 10, 12. and 14. The strips wer then
individually hybridized t each of the fiv oligonucleotid probes (above) which were labeled at tha § and
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LANE | PROBE | TEMPERATURE

6 #L1I1-3 35°C

8 #L1i1-4 42°C

10 #iL1i1-5 42°C

12 #L1i1-6 40°C

14 1 MIL1i1-7 35°C

After washing, the strips were lined up and taped together to reform the original nitrocellulose sheet.
This was autoradiographed in the presence of an intensifying screen at -70° C for 24 hours. Figure 12b s a
photograph of this autoradiograph. It provides evidence that ail of the probes hybridize specifically to the
1850 bp fragment, proving that this iragment carries substantial coding sequences for the IL-1 inhibitor.

In order to determine its DNA sequence. GT10-IL1i-2A DNA was digested with EcoRl. electrophoresad
on a 1% agarose gel. and the 1850 bp fragment was isolated. This fragment was ligated with EcoRl-
digested M13 mp19 and transtormed into E. coli strain JM109. Transformants were screened by looking for
those lacking beta-galactosidase activity. Five such transformants were isolated, single-stranded DNA was
prepared. and sequencng was performed according to Sanger et al. The DNA sequence of three of the
transformants corresponded to the 3' end of the mRNA, while two transformants provided protein coding
sequence.

Figure 14 shows the predicted amino acid sequence.

Example 7

Sequencing GT10-IL-1i-2A and IL-1i

A portion of GT10-IL1i-2A has been sequenced and is set forth in Figure 14. The DNA encodes a
protein containing amino acid sequences that are characteristic of IL-1i (nucleotides 99-557). However, it is
believed that several modifications may be made to this protein belfore it is secreted into the extracsilular
milieu. These modifications may or may not be essential for the protein to have activity as an IL-1i.

GT10-IL1i-2A encodes at least 32 amino acids N-terminal (nucleotides 3-88) to the amino terminus of
the form of IL-1i known as X. It is believed that included in these 32 amino acids is a secretory lead r
sequence that starts at the M encoded by nucleotides 24-26, directs the nascent IL-1i to the extraceliular
milisu, and is then rei..oved by a leader peptidase, and possibly other peptidases. The extent 1o which this
sequence is remove:; in forms alpha and beta of IL-1i is presently unknown, but the N-terminus of th se
forms is thought to be close to that of form X. Removal of the secrelory leader sequence is probably
required for the protein to have effective IL-1i activity.

Nucleotides 349-351 of GT10-IL1i-2A encode an N residue that is pan of a concensus N-glycosyiati n
site. On the basis of their susceputbility to digestion with N-glycanase it is believed that forms alpha and
beta of IL-1i are glycosylated. Since form X is not believed to be susceptible to digestion with this enzyme
it is believed that it is not glycosylated, aithough this remains a possibility that could easily be demonstrated
by one of ordinary skill in the an of protein sequencing using the information provided here. It is believed
that glycosylation at this N residue is not required for the protein 10 show effective IL-1i activity.

Nucleotides 99-101 of GT10-iL1i-2A encode a P (see Figure 15), but no P has been detected at this
position (the N-terminus) of form X of IL-1i. It is possible that this residue has been modified in the mature
protein. it is betieved that modification of this residue is not essential for effective IL-1i activity.

The presently unknown N-terminus residues of forms alpha and beta are not wholly detectable by
Edman degracation and are likely to be modified following removal of some of the N-terminal residues of
the protesn encoded by GT10-1L1i-2A. It is believed that this modification is not essential for effective IL-1i
activity.

Exampie 8

Expressiori ot Gen s Encoding IL-1i in Animal Cells

Animal-cell expression of IL-1i requires the following steps:
a. Construction of an xpression vector » -
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b. Choice of a host cell line
c. Introduction of the expression vector into host cells
d. Manipulation of r combinant host cells to increase expression levels of IL-1i
1. IL-1i expression vectors designed for use in animal cells can be of several types including strong
constitutitve expression constructs. inducible gene constructs. as well as those designed for expression
in particular ceil types. In ail cases promoters and other gene requlatory regions such as enhancers
(inducible or not) and polyadenylation signais are placed in the appropriate location in relation to the
cONA sequences in plasmid-based vectors. Two examples of such constructs follow: (1) A construct
using a strong constitutive promoter region should be made using the simian virue 40 {SV40) gene
control signals in an arrangement such as that found in the plasmid pSV2CAT as desc:ibed by Gorman
et al. in Mol. Cel. Biol. 2:1044-1051, 1982, specifically incorporated herein by referenca. This plasmid
should be manipulated in such a way as to substitute the IL-1i cONA for the chloramphenicot
acetyltransferase (CAT) coding sequences using standard molecular biclogical techniques (Maniatis et
al., supra), as shown in Fig. 6. (2) An inducible gene construct should be made utilizing the plasmid PMK
which contains the mouse metallothionein (MT-1) promoter region (Brinster et al.. Call 27:228-231. 1981).
This plasmid can be used as a starting material and should be manipulated as shown 'iFFig. 7 to yield a
metal-inducible gene construct.
2. A number of animal cell lines shouid be used to express IL-1i using the vectors described above to
produce active protein. Two potential cell lines that have been well-characterized for their ability to
promote foreign gene expression are mouse Ltk~ and Chinese hamster ovary (CHO) dhfr= cells,
although expression of Il-1i is not limited to these cell lines. :
3. Vector DNA should be introduced into these cell lines using any of a number of gene-transfer
techniques. The method employed here invoives the caicium phosphate-DNA precipitation technique
described by S.L. Graham & A.S. van der Eb (Virology 52:456-467. 1973) in which the expression vector
for IL-1i is co-precipitated with a second expression vector encoding a seiectable marker. In the case of
~Ltk™ cell transfection, the selectable marker is a thymidine kinase gene and the selection is as described
by Wigler, et al. (Cell 16:777-785, 1979) and in the case of CHO dhir~ cells the selectable marker is
dihydrofoiate reductase (DHFR) whose seiection is as described by Ringold et al. in J. Mol. Appl. Genet.
1:165-175, 1981.
4. Cells that express the IL-1i gene constructs should then be grown. under conditions that will increase
the levels of production of IL-1i. Calls camrying the metallothionein promoter constructs .can now be
grown in the presence of heavy metals such as cadmium which will lead to a S-foid increased utilization
of the MT-1 promoter (Mayo et al.. Cell 29:99-108) subsequently leading to a comparable increase in IL-
li protein levels. Cells containing IL-1i Sxpression vectors (either SV40- or MT-1-based) along with a
DHFR expression vector can be taken through the gene ampilification protocol described by Ringold et
al. (J. Mol. Appl. Genet. 1:165-175, 1981) using methotrexate. a competitive antagonist of DHFR. This
leads to more copies of the DHFR genes pressent in the celis and. concomitantly, increased copies of
the iL.-1i genes which, in tum, can lead to more IL-1i protein being produced by the ceils.

Example 9

Purification of ll-1i From Recombinant Aniinal Cells

Since the IL-1i are expected to be secreted from cells like the natural material, it is anticipated that the
methods described above for purification of the natural protein will allow similar purification and char-
acterization of the recombinant protein.
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Exampie 11

A protein having the sequencs:

l.:l
S T R I T
ssfxxzpssivnssxnaaruio
°.:
ugvnexr'YtﬂudnLVAlrzc
70 80
.aouanttkrovar:ﬁha
) Lod
LFLGtHOGKH!LixvK!IDS
110 129
rR\.aLtavnrroLseunzco
130 14Q
nnpnrtnszscnrrcpgsnn_
180 140
xPGUPLXYAHQQORPVSL?N
170 -

wherein
X is cysteine, serine or alanine: and
Z is arginine or prolina

is also included in the invention.

~i

Example 10

Sequence of IL-1i .

The amino terminal residue of IL-1i has been identified several times by direct protein sequencing as an
arginine (R). The result of such sequencing is shown in Example 3. In contrast. the amino terminal residue
of IL-1i predicted by the sequence of the cONA is a proline (P). This amino terminal residue is circled in
Figs. 14 ang 1S. This apparent disagreement between the cONA sequence and the direct protein sequence
can ‘be resoived by assuming that an error in the cONA sequence was incorporated during the rev rs
transcriptase-catalyzed synthesis from its mRNA. That is, a CGA (arginine) codon, located on the mANA
where it would code for that amino terminal residue, could have been changed during the reverse-
transcriptase reaction to a CCA (proline) codon in the cDNA. This type of reverse transcriptase problem has
been reported in the literature before, e.g., by B. D. Clark et al. in Nucleic Acids Research 14:7897 (19886).

The present inventors believe that the correct amino acid sequence of the protein is as predicted by th
cDNA except that the amino terminal amino acid is an arginine instead of the proline residue indicated in
Figs. 14-15. The inventors contemplate that both DNA sequences and their corresponding pepude
sequences fall within the scope of their invention although the amino terminal arginine sequence is
preferred.

Claims .
Claims for the t llowing Contracting States : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE

1. An interleukin-1 inhibitor (IL-1i) which comprises the amino acid sequ nc from positi n 26 to the end
from th following sequence:

27
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110

130

150

170

wherein X is either P = proline or R = arginine.

a

tn

2,

P 4

™

(o]

ri

The interleukin-1 inhibitor according to Claim 1, wherein X is a profine.

The interleukin-1 inhibitor according to Claim 1, wherein the X is an arginine.

Thaunmtmhubctamtﬁngtocwmsnos whmmommtorcompnsosthemumwd
sequencofrompoabonltothoendoﬂhosommcemaaml

A DNA sequence coding for the interleukin-1 inhibitors of Claims 1 to 4.

An isolated DNA sequence, wherein the sequence comprises the following nucleotide sequence from

position 99 to position 554

-

120

1490
A

160



10 20 * 30 40 50 60
GAATTCCGGGCTGCAGTCACAGAATGGAAA TCTGCAGAGGCCTCCGCAGTCACCTAATCA
M E I CR G LGRS HKTL I

70 80 - 90 180 110 120
CTCTCCTCCTCTTCCTG T TCCATTCAGAGACGATCTGCCYACCCTCTGGGAGAMAATCCA
TLLLPFLPHSETI! C (:) P S G R K S

130 140 150 . 160 170 180
GCAAGATGCAAGCCTTCAGAATCTGGGATG TTAACCAGAAGACCTTCTATCTGAGGAACA
S X M Q A F R 1 WDV NQXKTUP UYL RN

' 190 200 210 220 230 240
ACCAACTAGTTGC TGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATG
N Q LV A G Y L QGPNUVNTLTETETKTID

250 : 260 270 280 ' 290 Joo
TGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGT
VV P! EPHALTFLGTIHG G KM CL

310 320 330 340 iso 360
CCTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTGACC
S CV K S G D E TR RL Q L E A VN I T D

370 380 390 400 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGTGGCCCCA
L S ENRXUOQDJUKTGRTPAPTIURTGSTDTSTG?P

. 430 440 450 460 | 470 480
CCACCAGTTTTGAGTCTGCCGCCTGCCCCGGTTGGTTCCTCTGCACAGCGATGGAAGCTG
T T S P E S A ACPGWUP PTLCECT A M E A

490 SQ0 s10 S$20 530 sS40
ACCAGCCCGTCAGCC?CACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTACT
D QP VS L T NMGPDEGV VMV YTTIKTF F.Y

550 tsg0 570 580 $90 600
TCCAGGAGGACGAGTAGTACTGCCCAGGCCTGCTGTTCCATTCTTGCATGGCAAGGACTG
F Q E D E =

‘wherein the Y is either C or G which codon codes for a proline or.arginine.

7. An isolated DNA sequ nce, wherein the sequenc comprises th nucleotid sequence from position 1
to 554 of th sequenc shown in claim 6.

8. The DNA sequ nce accordingt Claim6 r 7, whersinth YisaC.

29
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The DNA saquence according to Claim 6 or 7. wheremn the Y is a G.

The recombinant-DNA molecui GT10-IL1i-2A being deposited under ATCC 40488.

A recombinant-DNA method for the production of the interleukin-1 receptor antagonist (IL-1i) of Claims

1 to 4 comprnising: ,
(a) culturing a host cell that includes a vector. said vector including 3 ONA sequence encoding th
IL-1i of any of Claims t to 4 and including operational elements needed to express the DNA
sequence in the host cell under ennditions appropriate for amplification of said vecior and expres-
sion of the IL-1i; and
{b) harvesting the iL-1i protein.

The method of Claim 11, wherein the IL-1i is permitted to assume an active tertiary structure whereby it
possesses IL-1 inhibitory activity.

The method of Claim 11, wherein said DNA sequence is a cONA.

The method of Claim 11, wherein said DNA sequence is a genomic sequence.

The me_thod of Claim 11, wherein said DNA sequence is derived from mammalan cells. -
The method of Claim 15, wherein said DNA seqdence is derived from human monocytes. °
The method of Claim 11, wherein said host cell is a microorganism.

The method of Claim 17, wherein said microorganism is E. cohi,

The method of Claim 11, wherein said host cell is a mammalian cell.
The method of Claim 19, wherein said mammalian cefl is a CHO cell.
The method of Claim 11, wherein said DNA sequence is a synthetic polynucieotide.

A recombinant-ONA method for the production of an iniurieukine1 inhibitor (IL-1i) expression vector
comprising:
() preparing a DNA sequence encoding the iL-1i of any of Claims 1 to 4; and .
(b) subcloning the DNA sequence into a vector capable of being transformed or transfected into and
replicated in a host cell, such vector containing operational elements needed to axpress the DNA
sequence.

Claims for the following Contracting State : ES

1.

A recombinant DNA method for the production of an interleukin-1 receptor antagonist (IL-1i) comprising
moamimacidsoquoncelromposiﬁonzelomondmmobﬂowingsequm
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110 120

130 149
K R FAF 1 RS DSGEPT T ST T S A A
150 160
C P G W F L CT AMEADS QT PV STLSST N
170

M P D G vV M V T K F Y 7 Q E 0D E

™

wherein X is either P = proline or R = arginine comprising the steps of:
a) culturing a host cell that includes a vector said vector including a DNA sequence encoding the IL-
1i and including operational elements needed to expross the DNA sequence in the host csll under
conditions appropriate for amplification of said vector and expression of the IL-1i: and
D) harvesting the IL-1i protein.

The method according to claim 1, wherein X is a proline.

The method according to claim 1, wherein X is an arginine.

The method according to claims 1 to 3. wherein the inhibitor comprises the amino acid sequence from
position 1 to the end of the sequence in claim 1.

The method of claim 1, wherein the IL-1i is permitted to assume an active tertiary structure whereby it
possesses IL-1i inhibitory activity.

The method of claim 1, wherein said DNA sequence is a cONA.
The method according t claim 1, wherein said DNA sequence is a genomic sequence.

Th method of claim 1, wherein said DNA sequencs is derived from mammalian cells.

K}
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The method of claim 8. wherein said DNA sequence is derived from hyman monocytes.

The method of claim 1, wherein said host cell is a microorganism.

The method of claim 10, wherein said microorganism is €. Coli.

The method of claim 1, wh;rein said host cell is a mammaiian ceil.

The method of claim 12, wherein said mammalian cell is a CHO cell.

The method of claim 1, wherein said DNA sequence is a synthetic polynucieotide.

A recombinant-ONA method for the production of an interleukin-1 inhibitor (IL-1i) expression vector
comprising:
a) preparing a DNA sequence encoding the IL-1i of any of claims 1 to 4: and
b) subcloning the DNA sequence into a vector capable of being transformed or transfected into and
replicated in a host cell, such vector containing operational elements needed to oxpress the DNA
sequencs.

A method for preparing the recombinant DNA molecule GT10-iL1i-2A being deposited under ATCC
40488 by combining the vector GT10 and a 1,850bp EcoRl fragment which carries a sequence coding
for the IL-ti inhibitors disclosed in claims 14 in a manner known per se.

A method for preparing a DNA sequence coding for the interleukin-1 inhibitors disclosed in claims 1 to
4 by chemical synthesis or recombinant DNA technology.

A method for preparing an isolated DNA sequence, wherein the sequence comprises the following
nucleotide sequence from position 99 1o position 554:
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10 20 ¢ 30 40 50 60
GAATTCCGGGCTGCAGTCACAGAA TGGAM TCTGCAGAGGCCTCCGCAGTCACTT AATCA
' "M 2 1 € R G LRGSHTL. I

70 80 90 180 110 120
CTCTCCTCCTCT TCCTG T TCCATTCAGAGACGATCTGCCY ACCCTCTGGGAGAAAATCCA
TLLLPLFHSETICQRPSGRTEKS -

130 140 150 . 160 170 180
GCAAGATGCAGCCTTCAGAATCTGGGATGTTAACCAGAAGACCTTCTATCTGAGGAACA
S KR M Q A?Z R! WDV NQURKTU?P UYL RN

190 200 210 220 230 240
ACCAACTAGTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATG
N QL VY AGZYTULGQG PN NTUVNTLTETEZXKTIHD

-
*

"280 260 270 280 290 © 300
TGGTACCCATTGAGCCTCATGCTCTG T TCTTGGGAATCCATGGAGGGAAGATGTGCCTGT
Vv P!l EPHALTFTLGTIHGGHKMEGCL

310 320 - 330 340 3%0 160
COTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGT TAACATCACTGACE
S ¢ VX S GDETA RLQTLTEA ATVNTLITD

370 380 390 400 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGI.CTTCATCCGCTCAGACAGTGGCCCCA
L-S E NR X QD KXKRFAPT1I R SDS G P

430 430 450 460 470 480
COACCAGT T T TCAGTCTGCCGCCTGCCCCGGTTGG T TCCTCTGCACAGCGATCGAAGCTS
T T S P E S A A CP GW P L CTAMTEA

490 S00 S10 520 $30 sS40
ACCAGCCCETCAGCCTCACCAA TATGCCTGACGAAGGCGTCATGG TCACCAAATTCTACT
D Q PV S L T NMUZPODEGV Y MUV T K TF Y

550 *sg0 S70  sao 590 600
;CCAGCAGGACGAGTAGTACTCCCCAGGCCTGCTGTTCCAT?CTTGCATGGCAAGGACTG
Q E D E *

whaerein the Y is either C or G which codon codes for a prolin or arginine by chemical synthesis or
recombinant DNA technology. :

19. Th method according to claim 18, wherein the sequence comprises th ‘nucleotide typ sequence
from position 1 to 554 of th sequence shown in claim 18.

20. Th method according to claims 18 or 19, wherein the Y is a C.



Patentansprich
Patentanspruche fiir tolg nd Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, IT, U, LU, NL, SE

1. Int ¢ ukin-1-Inhibitor {IL-1i), umtass na die Aminosduresequenz von Position 26 bis zum Enge ger
foigengen Sequ nz:

70 kg]
QGPHVHL:‘.EK!DVVPIE:?-!A
<0 100
:.FLGIHGG('HCLSCVKSG::
110 126
?QLQLEAIWI?DL55~11<:“

70
M P D 2 GV M vV T £ F Y F Q t 2 =t

wobei X entweder P = Prokin oder R = Arginin ist
2 Interleukin-1-inhibitos nach Anspruch 1, wobei X ein Profin ist
3. Interleukin-1-inhibitor nach Anspruch 1, wobei X ein Arginin ist

4. Interleukin-1-Inhibitor nach einem der Anspriiche 1 bis 3, wobei der Inhibitor die Aminosduresequenz
von Position 1 bis 2um Ende der Sequenz in Anspruch 1 umiast,

S. DNA-Sequenz, die fiir die Interleukin-1-Inhibitoren gem3B der Anspriiche 1 bis 4 kodiert.

6. Isoliert DNA-Sequenz, wobei di Sequ nz die foigende Nuldeotidsequenz von Pasition 99 bis Position
554 umtast:

34



EP 0 343 684 B1

10 20 Y 30 0 50 50
GAATTCTGIRCTOCAGTCACAGAA TEGAM TCTOTAGAGGCETCEEEAGTCACTT A TCA
M E I CRG LRSS H L I

e Z°~ =TT _"awo yepaed | mggcm L =3 =44
cwe oewmtmowe & eauwéd b Y Y ~
Ll e 14.@13&@.3.;1&@\6%??:&

TILC@P SGREK s

0 139 140 150 . 160 170 180
SK'HQAFRIVDVNQK AR

| 190 200 210 220 230 240
ACRAACT AG T GC wUATACTTGCAAG GACCWWTRAGWMGAT&CA?G
s N Q L VvV A G Y L 9« G P N VYV N L 2 2 K [ o

250 260 270 280 290 loo

TG T ACC A T TGAGCC T CA TOC T TG T TC T TGGSAA TCCATGGAGGGAAGA TG TCCCTST
2°VVPIBPHALF‘LGIKGGKH“CL‘“

310 320 ER{.§ 340 is0 ’ 380
CoTUTG TLAAGICTGGTCATGAGACCAGACTCCAGCTGGAGSTAGTTAACATCACTCACC
S ¢V X § GD E TR ULQULZEAUVNT1TO

25

370 isag 390 400 410 420
TGAGCCAGAACAGAAAGCAGCGACAAGCCCTTCECCTTCATCCGCTCAGACAGTGGCCIA
L S ENR X QD X R F A PI R SD s G ?

30 430 430 430 460 470 480
- CRACEAG T T T RAG T e LG T SCCCCGS TTGG T T e T CIGCACAGCGATCSAAGSTS
T T S P E S A A C? G W P L C T A MKE A

33 490 s00 510 520 s$30 540
ACCAGCCCG  TAGC LT CACCAA TA TGCCTSACCAAGGCETCATGG TEACCAAATTCTACT
D Q P V S L T N M 2 D E GV M V T K F Y

550 +$80 $70 580 $90 600
@ A EEAGCACCACCAGTAGTAC TS CCAGESoTECTS T TCOATTC T TECATGGCAAGSACTS
F Q ED E

wabei Y entweder C oder G ist, so dad das Kodon fiir ein Prolin oder Arginin kodiert.
a8
7. lsolierte ONA-Sequenz, wobei die Sequenz die Nukleotidsequenz von Position 1 bis Position 554 der in -
Anspruch 6 gezeigten Sequenz umfagt. :

8. DNA-Sequenz nach Anspruch 8 oder 7, wobei das Y ein C ist.
s0 .
9. DNA-Sequenz nach Anspruch 8 oder 7. wobei das Y ein G ist.

10. Rekombinantes DNA-Molekiil GT10-IL1i-2A, hinterlegt unter ATCC 40488.
ss 11. R kombinantes DNA-Verfahren fr die Herstellung des Int rieukin-1-Rezeptor-Antagonisten (IL-1i) ge- -

miB der Anspriich 1 bis 4, umfassend:
a) da= Kullivieren einer Wirtszelle, die einen Vektor enthdlt. wobei d r Vekt~r eine DNA-Sequenz
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s

55

12

13

14,

1s.

17.

1.

19.

20.

21.

adie zum Expnmieren der DNA-Sequenz in der Wirtszelle notwendig sind. unter Beaingungen. die zur
Amplifikauon ades Vektors und Expression von IL-1i 98 1gnset sind; und
b) das Ernten des IL-1i-Proteins.

Vertanren . nach Ansprucn 10, wobei dem IL-1i gestattet wird, eine aktiv Tertidrstruktur anzunehmen,
wogurch er IL-1-nhibi rende Aktivitidt besit2t.

Vedah}en nach Anspruch 11, wobei dig DNA-Sequenz sine cONA ist.
Vertahren nach Anspruch 11, wobei die ONA-Sequenz eine genomische Sequenz ist.
Verfahren nach Anspruch 11, wobei die DNA-Sequenz von Siugetierzellen abgeleitet ist.
Verianren nach Anspruch 15, wobei die DNA-Sequenz von humanen Monozyten abgeleitet ist.
Verfahren nach Anspruch 11, wobei die Wirtszelle ein Mikroorganismus is_t.
Verfahren nach Anspruch 17, wobei der Mikroorganismus E. coliist.
Vertahren nach Anspruch 11, wobei die Wirtszelle eine Siugetierzsile ist,
Verfahren nach Anspruqh 19, wobei die Sdugetierzelle sine CHO-Zalle ist.
Vertahren nach Anspruch 11, wobei die DNA-Sequenz ein synthetisches Polynukleotid ist.
Rekombinantes DNA-Vertahren zum Erzeugen eines Interleukin-1-Inhibitor(IL- 1i)-Expressionsvektors,
umfassend:
a) das Herstellen einer DNA-Sequenz, die flr den IL-1i gemiB einem der Anspriiche 1 bis 4 kodiert:
:;‘ddas Subkionieren der DNA-Sequenz in einen Vekior, der in eine Wirtzelle transtormiert oder

transliziert werden kann und in der Wirtszelle replizieren kann, wobei der Vektor funktionslie
Elemente enthdlt, die notwendig sind, die DNA-Sequenz zu exprimieren.

Patentanspriiche flir folgenden Vertragsstaat : ES

1.

Rekombinantes DNA-Verfahren zum Herstellen eines interleukin-1-Rezeptor-Antagonisten (iL-1i), umfas-
send die Aminosiduresequenz von Position 26 bis 2um Ende der folgenden Sequenz:
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130 149

150 160.

=170 -
« 2 D2 2 G Vv M v T 4 7 Y F Q E D =

wobei X entweder P = Prolin oder R = Arginin ist,

umiassend die Schritte
a) des Kultivierens einer Wirtszelle, die einen Vektor enthilt. wobei der Veklor eine DNA-Sequenz
umfadt, die fir IL-1i kodiert. und funktionsile Elemente umtadt, die zum Exprimieren der DNA-
Sequenz in der Wirtszelle notwendig sind, unter Bedingungen. die zur Ampiifikation des Vektors und
Expression von IL-1i geeignet sind; und
b) des Emtens des IL-1i-Proteins.

Verfahren nach Anspruch 1, wobei X ein Prolin ist.

Verfahren nach Anspruch 1, wobei X ein Arginin ist.

. Verfahren nach inem der Anspriich 1 bis 3, wabei der Inhibitor die Aminosdur sequ nz von Position

1 bis zum Ende der Sequenz in Anspruch 1 umfast.

Vertahren nach Anspruch 1, wobei d m IL-1i gestatt t wird, eine aktive T rtidrstruktur anzunehmen.
wodurch er IL-1i-inhibierende Aktivitit besitzt.

Verfahren nach Anspruch 1, wobei di DNA-Sequenz eine cDNA ist.

Verfahren nach Anspruch 1. wobei di DNA-Sequenz eine genomische Sequenz ist.
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10.

11.

12

13

1,

18,

16.

17.

18

Vertanren nach Anspruch !, wobes die DNA-Sequenz von Sdug uerz ilen abgeleitet ist.
Vertahren nach Anspruch 8. wobei die DNA-Sequ nz von humanen Monozyten abgeleitet 1st.
Vertahr n nach Anspruch 1, wobei die Wiﬁsz lle ein Mikroorganismus ist.

Vertahren nach Anspruch 10, wob i der Mikroorganismus E._cgﬁ ist.

Verfahren nach Anspruch 1, wobei die Wirtszelle eine Siugetierzeile ist.

Vertahren nach Anspruch 12, wobei die Sdugetierzelle eine CHO-Zelle ist.

Verfahren nach Anspruch 1. wobei die DNA-Sequenz ein synthetisches Polynukieoud ist.

Rekombinantes DNA-Verfahren zum Erzeugen eines Interleukin-1-inhibitor(lL-1i)-Expressionsvektors.
umiassena:
a) das Herstellen siner DNA-Sequenz, die fir den IL-1i gemiB einem der Anspriiche 1 bis 4 kodiert:
und
b) das Subklonieren der DNA-Sequenz in einen Vektor, der in eine Wirtzelle transtormiert oder
transfiziert werden kann und in einer Wirtszelle replizieren kann, wobei der Vektor funktionell
Elemente enthilt, die notwendig sind, die CNA-Sequenz 2u exprimieren.

Vertahren zum Herstellen des rekombinanten DNA-Molekiles GT10-iL1i-2A, das als ATCC 40488
hinterlegt ist, durch Kombinieren des Vektors GT10 und eines 1850 bp EcoRl-Fragmentes. das eine fir -
den n den Ansprichen 1 bis 4 offenbarten IL-ti-Inhibitor kodierende Sequenz trigt, in an sich
bekannter Weise. : :

Vertahren zum Hersteilen einer fiir den in den Anspriichen 1 bis 4 offenbarten Interieukin-1-Inhibitor
kodierenden DNA-Sequenz durch chemische Synthese oder rekombinante DNA-Technologie.

Vertahren zum Herstellen einer isclierten DNA-Sequenz, wobei die Sequenz die folgende Nukleotidse-
quenz von Position 99 bis Position 554 umfast:
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19, Veriahren nach Anspruch 18, wobei die Sequenz die Nukieotidtypsequenz von Position 1 bis Position

58
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| 10 0 °* 30 40 50
M TTICTooe s TAGTCACAGAA TOSAM TETURAGAGGCE TCCGTAGTEACE A ToA
M 2! CRGLRGSUHTL.I

70 - 80 90 140 110 120
T T T S S L ST T CEAT T CAGAGACCATC TGS TACCETCTIGGGAGAAMAA TTA
TLLLPLPHSETICETEPSGRE S

60

130 140 150 . 160 170 180
© GEAAGATGCAAGCC T CAGAATCTSUCATUTTAACCAGAAGACCTTCIATCTUGAGGAACA
S X M Q A FP R T WDV N QK T P Y L RN

190 200 210 : 20 230 240
ACCAMCTAGTICC I TRATACTTGCAGGACCAAATGTCA TTTAGAAGAAMAGATAGATG
N Q LY AG Y L QG?P NV NLUEZEZKTID

230 260 270 80 230 300
TGG'ACC:&?TGlGCC‘C%?GCTC?GTTCT‘GGGAAfC:&TGGAGGGAAGATGTGCC‘G?
v v P [ B P27 B ALTPFLGTI I HG G XK MC La

310 320 130 340 3150 J&0
O T TCAAG TCISG IGATGAGACTAGACTCOAGC TGGAGGTAGTTAACATCACTTACC
S ¢V XK S GDETARLAGQTULZEAVNTILDITO

370 iao 390 400 410 420
TGAGCSAGAACAGAAAGCAGSACAAGCECTTCECCTTCATCCGCTTAGACAGTGGECES
L S £Z N R X QDX RTFAUPT1! R SDSGTP

430 440 {50 &0 470 480
C:l::%GTTTT5AGT=‘GC:UtC‘GCCtZSG‘TGGTTt:?:?GtACAGCﬂ&?GGAAGC‘G

??SP!SAACPGHchrauzA

<90 500 $10 520 $30 540
ACEAGCCTE TeAGTE T CACEAA TATGCC S ACSAAGGCE TCATGG TCACCAMATICTACT
D QP VS LTNMSZPDETGS YMUYTRKTFY

$s0 ‘ego $70 $80 $90 600
Tt::ﬂagﬁGgCﬂéG?&Gf&:‘ccc:AGcc:?cCTGTT::ATT:?TGCA?GGCAAGcacrc
P Q ¢ .

w beidas Y nMedm" C oder G ist. so dad das Kodon flr gin Prolin oder ein Arginin kodi rt, durch

chemische Synthese od r rekombinante ONA-Technologie.

554 der in Anspruch 18 g zeigten Sequenz umfast.
20. Vertahren nach Anspruch 18 oder 19, wobei das Y ein C ist.

21. V riahren nach Anspruch 18 und 19, wobei das Y ein G ist.



Revendications
Revendications pour les Etats contractants suivants : AT, BE. CH, DE, FR, GB, GR.IT, LI, LY, NL, SE

1. lnhibneur.d'interleukme-l (IL-1) qui compr nd la séquence d'acides aminés de la position 26 3 Ia fin
s dans la s€quencs suivante -

(M £ L CR G LRSHLI T L ¢ L F L F «
0 ’

15

Y 70 39
Q G P ¥V NLZEKTIDVYVVYVGPIETSP .
30 100
u L F LG I!IHGG G KMGC CLSG CVY XSG o =
110 120
T A L AL E AV NTITITDLSESHSNH RTEKSZ S
30
130 A 142
X R F A 7 1 R S 9 S G P T T S 2 858 A
as 10 189
C P G W T L C T AMTEADG GG PV S L = N
170
©| M P D £ GV M VY T K F Y F QETDE

- 0U X est soit P = proline ou R = arginine
4 2 Linhibiteur d'interleukine-1 selon la revendication 1, ou X est une proline.
3. L'inhibiteur d'interieukine-1 selon la revendication 1, ou le X est une arginine.

4. L'inhibiteur d'interieukine-1 selon les revendications 1 et 3, dans lesquelles Iinhibiteur comprend la
s0 séquence d'acides aminés depuis la position 1 jusqu‘a la fin de la séquence dans la revendication 1.

8. Séquence d'ADN codant pour les inhibiteurs d I'interleukine-1 des revendications 1 A 4.

8. Séquence d'ADN isolée, laquelle séquence comprend la séquence suivants de nuciéotides depuis la
ss position 99 jusqu'a la position 554 :
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EP 0 343 684 B1

10 20 * 30 40 50 §0
GAATTCCIIGTTGCAGTCACAGAATGG AM TCTGCAGAGGCETCCECAGTCACET AATEA
M E I C R G LURGSUHL I

‘L‘LZEL TCC agcxr-cacAgzccArcrcéao soe AAAA 2

92y ey Sepy &l ayy Gy g alapyeyyy o . CYACCCTCTGGGAG

T LLLPL P HS 2 11 C (:) P $ G R X T§:A
130 140 150 150 170 180

GCAAGA TG CAAGECT T CAGAA TCTGGGA TG TTAACCAGAAGACC T TCT ATCTGAGCAACA
S K HQAPFPRTI WDV NQU KT PY L R N

190 200 210 220 210 240
ACCMCTAG‘H‘GCTGGATACT!‘GC.MGGACCMA?G?Q\AT!‘TACMGMMGATAGATG

YSNQL-VAGYLQGPHVKLBBKID

250 260 270 280 290 Joo

GG T ACCOATTGAGCC T CATCCTCTG T TCTTGGGAATCCATGGAGGGAAGATGTGCCTST

Yy V P I E P H AL F L GTI HGGUZKM.CL

23

-3

0

45

sS

) 310 320 330 340 380 - 160
CCTG TG TCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTCACC
S CV XK 8§ GD E TR UL QLEAUVNTTO

370 380 390 400 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGTGGCCICA
L S ENR X QDI KRV FAUPTIRSDSG?

430 440 4S0 460 470 480
COACCAGT T T TCAG T C TG CCC T GCCCCGE TTCG T TCETCTGCACAGCGATCGAAITTTS
T T § P E §S A A C P G W P L CT A M E A

450 s00 S10 520 s$30 540
ACCAGCLCG T CAGCC T CACCAATATGCCTGACCAAGGCGTCATGETCACCAAATTCTACT
D Q P V S L T N M ? D E GV M V T K F Y

500

550 *s60 570 580 $90 9

TCCAGGAGGACGAGTAGTACTGCCCAGGCCTGCTGTTCEATTCTTGCATGGTAAGEACE
FQEDE -

ou le Y représente soit C ou G dont le codon code pour une proline ou une arginine

7. Séquence d'ADN isolé, laqueile séquence comprend la séquence de nucidotides depuis !a position 1
jusqu'a 1a position 554 de la séquence montrée dans la revendication 6.

8. La séquence d'ADN selon | s revendications 6 ou 7, dans laquell la Y est un C.

. 9. Laséguence d'ADN s ion les revendications 6 ou 7. dans laquelle | Y est un G.

10. La molécule d"'ADN recombinant GT10-IL1i-2A déposée sous le numéro ATCC 40488.

11. Méthode par ADN recombinant nour la production de I'antagoniste pour le récepteur d linterleukine-1 .
(IL-1i) des revendications 1 A 4 comprenant :
(3) la culture d'une cellule hAte At iInCht N vartanr oAt Vartor innkiant 1na edmiianca AANN
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18
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40

S

L1

12

13

14.

18,

16.

17.

18

19.

20.

21.

opérationneis nécessaires pour exprimer 'a séquence d'ADN dans 1a cellule-
tions appropriées pour I'amplification dudit v ¢t yr et i'oxpression de I'lL-1; ; ot
(b) la récupération de la protéine IL-1i.

néte dans des conai-

La méthode de la ravendication 10. dans laquelle on permet a I'lL-1i d’assumer une str

" i ucCture tertaire
acuve par laqustlle slle possede une activite inhibitric  ge I'lL-1. :

La méthode de la revendication 11, dans ‘aquelie ladite séquence d'ADN est un ADNe.

La méthode de la revendication 11, dans laquelle lagite séquence d'ADN est une séquence génomique.

La méthode de la revendication 11, dans laquelle ladite séquence d'ADN est dérivée de cellules de
mammiféras.

La méthode de la revendication 15, dans laquelle la séquence d'ADN est dérivée de monocytes
humains,

La méthode de la revendication 11, dans laquelle ladite csliluie-h3te est un microorganisme.

La méthode de la revendication 17, dans laquelle ledit microorganisme est m

La méthode de la revendication 11, dans laquelle ladite celiule-hdte est une cellule de mammifere.
La méthode de la revendication 19, dans laquelle ladite csilule de man&re est une cellule CHO.

La méthode de la revendication 11, dans laquelle ladite séquence J'ADN est un polynuciéotide
synthétique. -

Méthode par ADN recombinant pour 1a production d'un vecteur d'expression de I'inhibiteur
d'interleukine-1 (IL-1i) comprenant :
(a) la préparation d'une séquence d'ADN codamnt pour I'lL.-1i de l'une qQueiconque des revendications
1340t
(b) le souscionage de la séquence d'ADN 3 Fintérieur d'un vecteur pouvant &tre transformé ou
transtecté et répliqué dans une celluie-hdte, un tel vecteur contenant des éléments opérationn Is
nécessaires pour exprimer la séquence d'ADN.

Revendications pour I'Etat contractant suivant ; ES

1.

Méthode par ADN recombinant pour la production d'un antagoniste pour le récepteur de I'interieukine-1
(IL-1i) comprenant la séquence d'acides aminés depuis la position 28 jusqu'a 1a fin dans la séquence
Suivante :

42
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T R L QLT AV NI TDULSENSNR RIEKTEGQH?D
110 149

~

M P D G VMUV T K F Y Q ED E

ou X représents soit P = proline ou R = arginine comprenant les étapes de :
(a) culture d'une cellule-hdte qui inclut un vecteur, ledit vecteur incluant une séquence d'ADN
codant pour 1'IL-1i et incluant des éiéments opérationneis nécessaires pour exprimer la séquence
d'ADN dans !a ceilule-hdte dans des conditions appropnées pour I'amplification dudit vecteur et
I'expression de I'lL-1i et ' '
(b) la récupération de la protéine iL-1i.

La méthods seion 1a revendication 1, dans laquelle X st une proline.
La méthode selon 1a revendication 1. dans laqueile X est une arginine.

La méthod selon | s revendications 1 et 3. dans laquelle I'inhibiteur comprend la séquence d'acides
aminés depuis la position 1 jusqu’a la fin de la séquenc dans la revendication 1.

La m°thode d la revendication 1. dans laqu il on permet A I'lL-1i d’assumer une structure tertiaire
activ par laquell ell posséd une activité inhibitrice d I'iL-1.

La méthode d. lar vendication 1, dans laquelle ladit séquence d'ADN est un ADNc,

La méthode d !ar v ndication 1. dans laquell ladit ségquence d'ADN est une séquence génomique.
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10.

1.

12

13

14.

18,

16.

17.

18

La méthod de la revendicaton 1. dans laquelle ladite séquence d'ADN est dénvée aas celluies de
mammutéres.

La méthode d la r vendication 8. dans laqu lle 1a s'qu nce Q'ADN est dérivés de monocytes
humams.

Laméthod d lar v ndication 1, dans laquelle ladite cellule-hdte est un microorganism .

La méthode de la ravendication IO. dans laquelle ledit microorganisme est E.coli.

La méthode de la revendication 1, dans laquelle ladite cellule-héte est une cellule de mammitére.
La méthode de la revendication 12, dans laquelle ladite csilule de mammifére est une cellule CHO.

La méthode de la revendication 1, dans laquelle ladite séquence d'ADN est un polynucléotide
synthétique.

Méthode par ADN recombinant pour la production d'un vecteur d'expression de linhibiteur
d'interteukine-1 (IL-1i) comprenant :
() ta préparation d'une séquence d'ADN codant pour I'lL-1i de I'une quelconque des revendications
134;et
(b) le sousclonage de la séquence d'ADN 2 lintérieur d'un vecteur pouvant étre transformé ou
transtecté et répliqué dans une cellule-hdte, un tel vecteur contenant des éléments opérationn Is
nécessaires pour exprimer la séquence d'ADN. :

Méthode pour la préparation de la molécule d'ADN recombinant GT10-IL1i-2A déposé sous le numéro
ATCC 40488 en combinant d'une fagon connue le vecteur GT10 et un fragment EcoRi de 1.850bp qui
porte une séquence codant pour I'inhibiteur d'IL-1i décrit dans les revendications 1 3 4.

Méthode de préparation d'une séquence d'ADN codant pour les inhibiteurs d'interleukine-1 décrits dans
les revendications 1 3 4 par synthése chimique ou technologie de I'ADN recombinant.

Méthode de préparation d'une séquence d'ADN isolde, laquelle séquence comprend la séquence
suivante de nuciéotides depuis la position 99 jusqu' la position 554 :



10 20 ¢ 310 40 - 50
GAATTCCGGGC?GCAGTCACAGAATGGAAATCTG:AGAGGCCTCCGCAGTCACC7AATé£
M Z I CRGLRSTUHTL

70 80 30 180 110 120

(2pg epy M apy & apyay gy mapprywaaiad b weed Ved Ved Vaivd § o ape ACCCTCTGGRAGAAMATCEA
T L L L PL P H S 2 TITI C P 8§ G R KX s

130 140 150 . 160 170 180
GEAAGATGCAMGC LT TCAGAATC UGG GA TG T T AACCAGAAGACC T ICTATCTGAGGAACA
S X M QA P R I ¥ D VY N QXK T P Y L R N

130 200 210 220 230 240
ACCAMCTAGTIGC SUATACT TGCAAGGACCMATGTCAATTTAGAAGAAMAGATAGATG
N Q LY A G Y L I G P NV N L 2 2 X I O

280 260 270 280 296 300
TGGTACCOATTGAGCETCATCCT CTG T TCTTCGGAA TCCATGGAGGGAAGATG TGCCTST
VVvel!lEBPHALT FTLTGTEHTG G XHMGEGCHL

310 120 130 140 300 160
CCTGTGTCMGTCTCGTGATGAGACCAGACTCCAGCTGGAGCCAGTTAACATCACTGACT
$CVXSGDETRLAQLEAVHNTLITDO

370 380 g0 400 410 420
TEAGCGAGAACAGAMGCAGGACAGCGC T TCCCETTCATCCGCTCAGACAGTGGCTCCA
LS ENRXQDIXURUPAZPTIRSDSG? P

430 440 . 450 460 470 &'80
A G T T TGAG T TG e G e T GCCCC GG T TG G T TCC T CTCCACAGCEATEGAA 3

??SPBSAACPG“PLC?AHBA

430 $00 slo s20 s30 sS40
A GG A G L T CACCAA TATGCC TG ACGAAGGCG TCATGG TEACCAAATTCTACT
D Q PV S LT NMZPODEGTV MV T KT F Y

$30 *sgo $70 $30 $90 §00
;c:sac:acgmgnxcumccmaacmmmmcmcmm
[ ]

o
Ry

ou le Y représente soit C ou G dont le codon code pour une proline ou une argining par synthése
chimique ou technologie de I'ADN recombinant.

19. La méthode selon la revendication 18, dans laquelle la séquence comprend la séquence type d
nuctéotides de la position 1 3 554 de la séquence montrée dans la revendication 18.

20. La méthode selon les revendications 18 ou 19, dans laguelle le Y est un C.

21. La méthode selon les revendications 18 et 19, dans laquelle le Y est un G.
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- FIG. 6

Hind I

Hind I
= >~
Sv4 =
CAT
" ‘ BWSEITI X:IB"HHPIG I $V40
svecar  Oril) TR L
el loam  ? | ISOLATE ARG LrAdn)
FRAGMENT.
L7
POLYLINKER(P.L ) | LIGATE WITH
INCLUDES FOLLOWI
RESTRICTION SITECe A SYNTHETIC

_ | POLYLINKER (P )
53’?‘1 }g&?i?,uﬂlioaf A, pocrLineea ! & TRANSFORN E. coli

Hind [

EcoRl  EeoRl
IL-1i

ACTH-L-1i

L CUT WITH EcoR] L. CUT WITH EcoR]

2. PURIFY THE SMA 2. ISOLATE LINEAR
(It-ti cDNAF f RAGHENT _FRAGMENT

I. MIX TWO
FRAGMENTS,
2. LIGATE
EeoR] 3. SELECT E coli TRANSFORMANTS
CONTAINING THE PLASNID |
SHOWN BELOW.

pSVXVPL2

pSVXV PL21L-ti



EcoRl A
EcoRY —BLUNT END
BLUNT ED
' DIGEST WITH
pBR322 £coRl AND EcoRY _
FILL IN EcoRT
STICKY END T0
FORM BLUNT END.
EoRl  y1-|
PROMOTER BLUNT
BoLD DIGEST WITH EcoRl EXD NT-1
I FILL IN ENDS TO PRONOTER
HSV~1tk FORM BLUNT ENDS. 2 \ -
PURIFY 4kb FRAGHENT BeLlT
ma
SITE, AND hS¥- 1tk HSV-itk

THE PLASMID SHOULD
T
BqL T I
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FiG. 7 (cont)

NT-|

MT-1 PRONOTER PRONOTEE
gLl

DIGEST WITH BgLIT Eeahl

2 COMBINE WITH

SYNTHETIC LINKER

3" GATCGGAATTCO
CCTTAAGGCTAG 5°

3. LIGATE

CUT WITH EcoRl
EoRl  EcoRl |

LANBDA

CSTH=IL-1i#401  CUT WITH EcoR]
PURIFY THE SMALL
(IL-1i cDNA) FRAG-
MENT BY AGAROSE GEL

ELECTROPHORESIS. COMBINE EcoRI ('T pMK-SGE 2
AND [L-1i cDNA A%D LIGATE. TRANSFORM
- E. coli AND ISOLATE PLASKID. CHECK
FOR THE PRESENCE AND ORIENTATION OF
TL=1i cDNA FRAGNENT.

NT-1 PRONOTER

EeoRl
[L-1i ¢DNA

EcoRl
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FIé 14

10 20 ¢} 30 40 50 60
GAATTCCGGGCTGCAGTCACAGAATGGAAATCTGCAGAGGCCTCCGCAGTCACCTAATCA
M E I CR G L R S H L 1

70 80 30 180 110 120
CTCTCCTCCTCTTCCTGTTCCATTCAGAGACGATCTGCCEACCETCTGGGAGAAAATC A
T L LLPFTLTPFTUHSTET T.TIC P S G R K s

130 140 150 160 170 180

GCAAGATGCAAGCCTTCAGAATCTGGGATGTTAACCAGAAGACCTTCTATCTGAGGAACA
S XM QA F R I WDV NQIKTTF F Y L R N

190 200 210 220 230 240
ACCAACTAGTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATG
N QL VAG Y L QGUPNUVNTULTETE X [ D

2S0 260 270 280 290 3oo
TGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGT
V VP TITEPHALTFULGTIHGTG GU KMTZ C.L

310 320 330 340 350 360
CCTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTGACC
§$ CV K S GDETRTULOGQLTEA AVNTITOD

370 180 390 400 " 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGTGGCCCCA
L SENRKO QTDTKT RTPALTFTIEIPRTSTDSG b

430 440 450 460 470 480
CCACCAGTTTTGAGTCTGCCGCCTGCCCCGGTTGG T TCCTCTGCACAGCGATGGAAGCTG
T TS P E S A ACPGWUP PILUCTAME A

490 S00 S10 520 530 S40
ACCAGCCCGTCAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTACT
D QP VS LT NMPUDETGU VMUV TIKF Y

550 ts60 570 580° 590 600
TCCAGGAGGACGAGTAGTACTGCCCAGGCCTGCTGTTCCATTCTTGCATGGCAAGGACTG
F Q E D E = :

6S
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